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History, Taxonomy and Culture of the Pineapple 


Pineapples, native to tropical America, have been 
most extensively produced in Hawaii which ac- 
counted for 85% of the 12% million cases of canned 
pineapple produced in 1947 by all countries of the 


world. 


J. Li. 
Pineapple 


Early History 


THE pineapple is a native American 
plant first seen by people from the Old 
World when Columbus and some of his 
sailors landed on the island of Guade- 
loupe on November 4, 1493, on his second 
voyage to the New World. This island, 
to which Columbus gave the name it still 
bears, is in the Lesser Antilles of the 


West Indies and is located about 16 
north of the equator. 
At the time that America was dis- 


covered the pineapple appears to have 
well distributed 
of tropical America with the possible 
exception of the West Coast of South 
America. 


been throughout most 


In many places evidences were 
found by the early explorers of its culti- 
vation by the Indians. These pineapples 
included several distinct varieties, all of 
which 
though wild pineapple species growing 


were seedless or nearly so, al- 
in some parts of the American tropics 
were extremely seedy. It thus appears 
that some selection and improvement of 
the pineapple had been accomplished by 


the Indians or their predecessors in order 


to produce and preserve these more use- 


ful varieties. 


De Oviedo, who came to the New 


1 Published with the approval of the director 
as Miscellaneous Paper No. 47 of the Pineapple 
Research Institute, University of Hawaii. 
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World as a Spanish government official 
in 1513, was, we believe, the first to fur- 
nish a written description of some of 
these different forms. In his history of 
the Indies he gives a brief deseription 
of three varieties together with the In- 
dian names for them. 

Besides using the fruit for food the 
Indians had also learned to make a wine 
from pineapples. This practice of wine- 
making was well distributed throughout 
the country, for it is mentioned by sev- 
eral writers, including Columbus, Oviedo 
and Sir Walter Raleigh. 

Apparently the Indians had also de- 
veloped a belief in certain medicinal 
qualities of the pineapple because the 
early voyagers and settlers often wrote 
of the value of the pineapple in the 
treatment of certain human 
Such beliefs could hardly have been de- 


disorders. 


veloped independently by the Europeans 
in so short a time of acquaintance with 
the fruit. 
lowing statements in the early literature 
dealing with the medicinal qualities of 
the pineapple: 


For instance, we have the fol- 


**Some condemn it for biliousness. I 
am not certain about this. I do know 
that it rouses the appetite. There are 
many people who have lost the desire for 
food. It restores a healthy appetite and 
stimulates them to try to eat, restoring 
enjoyment’’. 
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This account of the effect of pineapples 
on rousing the appetite was written by 
Oviedo only about 25 years after the dis- 
covery of America and was probably 
learned from the Indians. More than 
usual interest is attached to this state- 
ment because 425 years later a scien- 
tifically conducted experiment at a State 
experiment station revealed that animals 
given a diet including pineapple ate and 
utilized more food than a similar group 
not having pineapple in their diet. This 
was interpreted to mean that their appe- 
tites had been stimulated by the pine- 
apple. 

In 1658 another early historian? made 
a similar statement when he reported 
that the fruit is admirable for recover- 
ing the spirits and was employed for 
correcting disorders of the stomach. 
Modern research has shown that the 
pineapple fruit contains the enzyme 
bromelin which does aid in the digestion 
of proteins. 

Again in Sloane’s ‘‘ Natural History 

of Jamaica’’ (London, 1707) we find Piso 
credited with the statement that ‘‘. 
It is a great cordial to fainting spirits 
and helps a squeamish stomach. Its 
juice and wine is good for the suppres- 
sion of urine .. . as also against poisons 
especially cassada’’. We do not have 
modern information relative to these 
latter claims. 

The Portuguese appear to have played 
a major role in carrying the pineapple 
to other tropical countries. The island 
of St. Helena was discovered by them in 
1502, and very soon afterward they in- 
troduced pineapples to this island. 
They also carried it to the west and east 
eoasts of Africa and to Madagascar at 
an early date. About 1550 they were 
responsible for its introduction into 
southern India. 


2 Rochefort, C. de, Histoire Naturelle et 
Morale des Iles Antilles de 1’Amerique. 1658. 


BOTANY 


Before the close of the 16th century 
it had also become established in China, 
Java and the Philippines. In 1591 a 
missionary in the Philippines reported 
that the natives there made a fine type 
of cloth from the fibers of pineapple 
leaves. 

We believe that some of this trans- 
portation to other areas was incidental 
to the use of the pineapple as an item 
of food for the crews on these long sea 
voyages in the sailing vessels of that 
period. Pineapples were available in 
many American places where these ves- 
sels outfitted with food and water for 
continued exploration expeditions or re- 
turn voyages. Crowns from fruits used 
during a voyage or when at anchor in 
a new port were thrown overboard and 
washed ashore or intentionally carried 
ashore for planting. Because of the 
unique ability of pineapple crowns and 
slips to remain viable during long 
periods of drought they would be able 
to survive and establish themselves 
under just such conditions as_ these 
postulated. 

There are very few records to show 
exactly when or how pineapples first 
arrived in these new lands. The origin 
of pineapples in Hawaii is a good ex- 
ample of the lack of exact knowledge 
of its introduction to other countries. 
There exists a form on the island of 
Hawaii which has been growing there 
for as long as the oldest inhabitants can 
remember, but its origin and manner of 
arrival are unknown. The Hawaiian 
people gave it the name ‘‘halakahiki’’, 
which means, in their language, the hala 
from a foreign land. The hala, Pan- 
danus odoratissimus, a native Hawaiian 
plant with which the indigenous people 
were well acquainted, has a fruit some- 
what resembling that of the pineapple. 


Taxonomy, Morphology and Ecology 


The species of the family Bromeli- 


i 6h O6-_,. 
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aceae, to which the pineapple belongs, 
are with one exception indigenous to 
tropical and sub-tropical America. This 
one exception is native to the West 
Coast of Africa. Spanish moss (Til- 
landsia usneoides), a common sight in 
some of our southern States, is an epi- 
phyte belonging to the pineapple family. 
The family includes both terrestrial and 
epiphytic types. 

The pineapple is in the terrestrial 
group, although it is reported to have 
mycorrhizae on the roots in the axils of 
the water-holding leaf bases. Mycor- 
rhizae are characteristic of some of the 
epiphytic types of the family. They are 
very fine filaments of fungi, closely asso- 
ciated with the roots and probably as- 
sisting in nutrition. Such fungi are well 
known in many groups of plants, and 
in orchids they are essential for proper 
development of seedlings. 

Botanists have not always agreed as 
to the botanical classification of the dif- 
ferent pineapple forms, and there is still 
some difference of opinion. The classifi- 
cation now generally accepted in this 
country is that of L. B. Smith (Har- 
vard Univ., Bot. Mus. Lft. 7(5). 1939), 
which recognizes four species in the 
genus Ananas and one in the closely 
related genus Pseudananas. Both gen- 
era have collective fruits which serve to 


TABLE 1 


PRINCIPAL DIFFERENCES BETWEEN Ananas AND 
Pseudananas. 


Genera 
Characters 


Ananas Pseudananas 


1. Crowns on fruit Present Absent 
2. Slips on 
peduncle . Present Absent 
3. Stolons Absent Present 
4. Petal appen- Funnel-like Absent 
dage scale present 
5. Chromosome 
number 50 100 


separate them from most other genera 
of the Bromeliaceae. They can readily 
be distinguished on the basis of five 
rather distinct characters which are 
listed in Table 1. 

Pseudananas macrodontes (E. Morr.) 
Harms is a wild species found along 
the Parané and the Paraguay Rivers 
in northern Argentina, Paraguay and 
southwestern Brazil. It appears to be 
limited almost entirely to shaded areas 
in open woods or brush land which is sub- 
ject to periodic flooding or heavy rain- 
fall for part of the year. It is also able 
to withstand long periods of drought. 
Macrodontes is the only species in this 
genus, and it appears to have no dis- 
tinet varietal forms, such as are known 
for three Ananas. 
Some of the characters of macrodontes 
suggest that it may have originated 
from hybridization between two genera, 
Ananas and Bromelia, following by 
doubling of the chromosome number of 
the F, hybrid. No genetic evidence for 
this hypothesis has been obtained other 
than the production of fertile hybrids 
between Ananas and Pseudananas. At- 
tempts to produce hybrids between 
Pseudananas and Bromelia, the other 
suggested parent form, have so far 
failed to produce offspring. 

The genus Ananas includes three spe- 
cies of wild pineapples—bracteatus 
(Lindl.) Schultes, ananassoides (Bak.) 
L. B. Smith and erectifolius L. B. Smith 
—together with (L.) Merr. 
which includes the cultivated varieties 
of pineapple. 

The major specific differences within 
the genus Anands are listed in the fol- 
lowing brief description of the more con- 
spicuous characters together with a dis- 
cussion of the natural habitats. 

Ananas bracteatus. This species is 
conspicuous for the brilliantly colored 
pink-to-red bracts, 1 to 14 inches long, 


of the species of 


comosus 
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Fig. 1 (Upper). A pineapple plant with leaves attached to the stump, showing a nearly 
mature fruit, one slip on the right at the base of the fruit, one sucker on the left and a second 
sucker behind the fruit. 


Fic. 2 (Lower). Somatic mutations occasionally arise in vegetatively propagated varieties. 
The Cayenne variety has produced about 45 known types. Here normal Cayenne in the middle 
is flanked by two mutations. The plant on the left has shorter but more numerous leaves; on 
the right, longer, fewer, less recurved leaves. The latter is also two weeks later in producing ripe 
fruit. 
subtending individual florets on the characteristic feature. Numerous slips 
fruit, and the pink sterile bracts at the are produced on the peduncle at the base 
base of the fruit. The fruits lose this of the fruit and frequently at the base 
conspicuous color to a large extent at of the crown on top of the fruit. Fruits 
maturity, but the long bracts remain a and slips are borne on a tall peduncle 


ay se 
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which frequently bends over due to the 
weight of the fruit. Fruits are seedy, 
flesh whitish and usually more porous 
than in well cultured fruits of comosus. 

This species occurs in three areas of 
South America and probably is present 
also in some of the intervening terri- 
tory. These areas are: first, the central 
coastal region of Brazil in the State of 


Fig. 3 (Left). 


Pernambuco; second, the Rio de Janeiro 
and Sao Paulo regions; third, the Par- 
ana River valley from around Posadas 
in northern Argentina up the Parana 
almost to the northern limit of Para- 
guay. 

This species has almost always been 
found in proximity to habitations or 
where habitations formerly existed. 
This suggests that it may have been 
spread and maintained by man, and that 
its present distribution does not repre- 
sent its original native area. Only in 


the southern part of Paraguay has this 
species been cultivated in recent times, 
as far as we know, and here only in a 
single small plantation. The fruits are 
not considered edible by ordinary 
standards. 

Ananas ananassoides has long, nar- 
row, recurving (} to 14 inches wide, 
2 to 4 feet long), very spiny leaves, with 





Average sized fruits of the Cayenne variety which supplies about 90 percent 
of the canned pineapple of the world. 
Fig, 4 (Right). 
a small edible fruit on a long pedunele. 
Guiana for the fiber of its leaves. 


Ananas erectifolius, a wild species of pineapple having spineless leaves and 
This species was at one time cultivated in British 


a small fruit (3 to 5 inches long, 1} to 
2 inches wide) borne on a tall slender 
pedunele which holds the small fruit 
well above the rosette of leaves. The 
fruit is very seedy, with a tough, fibrous 
texture. There are several varieties, 
only one of which has been named. The 
type form of the species does not pro- 
duce slips on the peduncle, but some of 
the varietal forms do, including the 
small dwarf form, nanus. This dwarf 
form grows wild in the central Matto 
3 near Aqui- 


Grosso region of Brazil 
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Fie. 5 (Left). A fruiting pineapple plant with leaves removed to show stump and the 


attachment of slips, hapas and suckers. 


Fig. 6 (Right). Ananas ananassoides, wild pineapple, from Brazil, growing under cultivation. 


dauana and is also used as an orna- 
mental potted plant in some of the 
coastal cities of Brazil. 

A. ananassoides is the most widely dis- 
tributed of the wild pineapple species. 
Its area extends from the coastal region 
of Brazil around Sao Paulo northward 
to and into southern Matto Grosso and 
northern Paraguay. It probably also 
extends northward in central Brazil 
until stopped by the Amazonian jungle. 
This species represents the highest de- 
velopment for drought resistance in the 
genus and is found in the poorer and 
dryer soil areas along with other semi- 
arid types of plants. 

Ananas erectifolius is a species set 
apart from the others most conspicu- 
ously by its erect type of leaf growth and 
the almost absence of spines along the 
leaf margins. The small fruit borne on 


(Photo by M. B. Linford) 


a tall peduncle, distinctly thicker than 
in A. 
shape and 2} to 3 inches high, with a 
diameter of about two inches. Slips 
are produced at both the base and top of 
the fruit. 
anthocyanin pigment. 
sparsely seedy. 

Not much is known about the extent 
of its natural habitat, but it is believed 
to be the valley of the main Amazon 
river. It, therefore, occurs in a low, 
humid, hot environment quite different 
from that typical of A. 
However, this species grows well when 


ananassoides, is eylindrical in 


The long slender leaves lack 
The fruit is only 


ananassoides. 


transplanted to less extreme tropical 
regions. The fruit is not considered to 
be edible; however, the species was at 
one time cultivated in the Amazon valley 
for the fiber of its long, slender, spineless 
leaves. 
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Thus the four wild species, including 
P. macrodontes, represent a range of nat- 
ural habitats from the hot humid low- 
lands of the Amazon valley to the semi- 
arid high plateau areas of central Brazil 
and northern Paraguay. 

Ananas comosus Merr. This species 
includes the cultivated varieties of the 
genus and would, by some people, be 
listed as a cultigen, since all members of 
it are cultivated types, with no recogniz- 
able wild ancestral form. As already 
mentioned, varieties of this species were 
being cultivated by the Indians when 
America was discovered and had been 
well distributed through tropical Amer- 
ica by the 
times. 


Indians in pre-Columbian 
Korms of this species have been 
found growing in a wild state, but they 
are believed to be escapes from places 
of former cultivation. 

The primary characters separating 
comosus from the three wild species of 
the genus may be listed as follows. 
First, the fruits are usually but not al- 
ways larger and they contain a relatively 
large amount of palatable flesh. Second, 
the fruits are seedless or only rarely pro- 
duce a few seeds. Third, the floral 
bracts are quite inconspicuous in the ma- 
ture fruit and do not cover the top of the 
ovary. Fourth, the pedunele is usually 
thicker than in the wild species. 


Chromosome Numbers 


The basic haploid chromosome number 
in Ananas appears to be 25 for all spe- 
cles. 

Triploids having 75 chromosomes have 
been reported for three comosus varie- 
ties: one from Brazil, one from Eeuador 
and one from the West Indies. The last 
is the Cabezona variety grown to a lim- 
ited extent in Florida and Cuba. 

Numerous tetraploids with 100 chro- 
mosomes and triploids with 75 chromo- 
somes have been produced in conection 
with plant breeding work in Hawaii. 


These polyploids show the characters of 
gviantism and extended vegetative growth 
period usually found in induced poly- 
ploids. 

The varieties of A. comosus are self- 
incompatible and 
when _self-pollinated. 
ine between varieties usually produces 


hence are seedless 


However, cross- 
abundance of viable seed. Likewise, 
crosses between comosus and the wild 
species produce viable seed and vigorous 
I’, plants. 

All possible crosses between species 
have not been reported, but those which 
have been made (Table 2) have produced 
vigorous fertile F, hybrids. The wild 
self-fertile species appear to be approxi- 
mately homozygous genetically, but the 
varieties of A. 
hand, are highly heterozygous. 
studies from species hybrids have shown 
that the species have a number of ho- 
mologous genes. 

TABLE 2 


Cross COMPATABILITY BETWEEN SPECIES OF 
PINEAPPLE 


comosus, on the other 
Genetic 


Species used 
in crossing 


erectifolius 
bracteatus 
macrodontes 


comosus 
ananassoides 


comosus* 

ananassoides 

erectifolius } _ 

bracteatus 

macrodontes \ = 1 x 


*It should be noted that comosus varieties 
are self-incompatible, but most others are cross 
compatible. The other species are all self fer 
tile. The interspecific crosses obtained would 
indicate complete interspecific compatibility. 
The + indicates compatibility of the indicated 
cross. 


Plant and Fruit 
Some of the early Spanish explorers 
described the pineapple as being some- 
what like an artichoke or a thistle. In 
its general appearance, however, it is 
much more like a lily plant, an agave or 





Fig. 7 (Upper). Pineapple field in the State of Pernambuco, Brazil, showing method of 
planting without mulch paper and about eight feet between plant beds. Compare with the 28 
to 30 inches between beds in Hawaii. 


Fig. 8 (Lower). Wild pineapple species, Ananas ananassoides, in natural habitat in the 
Matto Grosso of Brazil. 
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even some of the yuccas than it is like 
either of the two they mentioned. 

The plant is a biennial, producing a 
group of parallel veined leaves, 30 to 40 
inches long and 2 1/2 inches wide, taper- 
ing to a point at the free end. The edges 
of the leaves are spiny in some varieties, 
while in others the spines are absent. 
The leaves are borne so close together 
that the leaf bases overlap each other 


Fig. 9. 


where they clasp the cylindrical main 
axis. 

During the first year the plant stores 
up starch in the thick central axis for 
production of the inflorescence. Differ- 
entiation usually occurs in the early part 
of the winter, but the bud is not visible 
until about three months later. Experi- 
ments have shown that a drop of about 
10° F. mean night temperature during 
the winter months is probably the pri- 
mary environmental factor causing the 


The types of asexual planting material used in propagation of pineapples. 
right: crown, slip, hapa and sucker. 


° 
change from a _ leaf-producing apical 
stem meristem to a flower-forming meri- 
stem. Differences in length of daylight 
in latitudes where pineapples grow have 
little if any influence in flower produc- 
tion. The inflorescence is borne at the 
top of the plant axis and terminates the 
length growth of the plant. The fruit 
is mature in six to seven months after 
differentiation. On the peduncle below 





Left to 


the fruit are produced the small shoots 
known as ‘‘slips’’, and from some of the 
leaf axils on the main stem are produced 
other shoots known as ‘‘suckers’’ or ‘‘ra- 
These constitute the generally 
used parts for propagation. The core of 
the fruit is a continuation of the pe- 
dunele, and at the top of the fruit pro- 
duces the vegetative shoot known as the 
This is also sometimes used 


toons’’. 


sé 9? 
erown’’, 
for propagation. 

The pineapple fruit is_ collectively 
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Fic. 10 (Upper). 70,000 young hybrid pineapple plants grown from seed obtained by cross 
pollination of varieties and species. 

Fig, 11 (Lower). A mealybug wilt-susceptible variety (left) and a wilt-resistant hybrid 
(right). 
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made up of a number of individual 
berry-like fruitlets, each attached to the 
central axis core, and fused throughout 
its length to adjacent fruitlets. The 
fruitlets are arranged spirally in an 8/21 
phyllotaxy in the larger-fruited varieties 
of A. The number of fruitlets 
varies with size of the fruit from around 
110 to 180 for the Cayenne variety. 
Smaller-fruited species like A. anandas- 
soides have a 5/13 phyllotaxy and a 
lower number of fruitlets. The shell of 
the collective fruit is made up of the 
three thickened fleshy sepals and the 
fleshy bract partially covering the sepals 
of each fruitlet. These flattened fleshy 
sepals are weakly fused at their outer 
margins with the sepals of adjacent 
fruitlets, forming a continuous rind over 
the entire fruit. 

The individual flowers, in addition to 
the parts mentioned above, each have 
three purplish-blue petals, six stamens 
and a three lobed stigma. The ovary has 
three carpels, each containing from 10 
to 15 ovules. 


COMOSUS. 


In the cultivated varieties’ seedless- 
ness is due to self incompatibility which 
is not present in the seed-producing 
wild species. Viable seed can be pro- 
duced in these seedless varieties by arti- 
ficial cross pollination. In tropical coun- 
tries where hummingbirds are prevalent 
these cultivated varieties frequently pro- 
duce seeds, but very rarely do so in coun- 
tries where they are not present, and it 
is believed that hummingbirds constitute 
one of the principal means of natural 
cross pollination. The flowers open in 
the late morning (8: 00 to 9: 00 a.m. gen- 
erally) and close before sunset. The 
flowering progresses from the oldest flo- 
rets at the base of the inflorescence to 


3 The Cabezona variety grown in Florida and 
the West Indies is a triploid having 75 chromo- 
somes and does not produce functional germ 
eells. 
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the later formed ones at the apex. This 
progressive flowering continues for about 
20 days, with only a few flowers opening 
each day. 


Commercial Varieties 

During its long period of cultivation 
A. comosus has produced a large number 
of varieties, showing a wide range of va- 
riation in a number of characters. Only 
a few of these varieties have been widely 
and continuously cultivated. Three va- 
rieties, Cayenne, Red Spanish and 
Queen, are outstanding in this respect. 
The Cayenne variety has the largest 
acreage in cultivation and is used almost 
exclusively in Hawaii and to a consider- 
able extent in Australia, the Philippines 
and South Africa, with smaller plantings 
in a number of other countries. The 
Red Spanish is the dominant variety in 
Florida, Mexico and the West Indies, 
while Queen is produced commercially 
in Australia, South Africa and the Malay 
Peninsula. The last mentioned is prob- 
ably the oldest named variety of pine- 
apple still in existence, having been 
noted in 1658 by de Rochefort and by 
Evelyn in England in 1661. Whether 
the present Queen variety is the same as 
that of these early records, we, of course, 
do not know. 

The Cayenne variety is over 100 years 
old, probably originating early in 1800, 
although its name does not appear in the 
literature until 1841 when it is men- 
tioned as a hot-house variety in England. 
This variety has almost spineless leaves, 
and for that reason is generally called 
‘Smooth Cayenne’’. Genetically it is 
heterozygous for the recessive spiny 
leaved character and frequently mutates 
to the homozygous recessive spiny leaved 
genotype, thus producing spiny plants 
which are identical with the smooth- 
leaved in other respects. This is an un- 
desirable character and is continuously 
rogued out of commercial’ fields. Be- 
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cause of this high rate of mutation (1 to 
5 percent) it is necessary to discard 
spiny-leaved planting material each vear 
to maintain relatively pure stands of the 
smooth-leaved form. 

Cayenne with an average fruit weight 
of about five pounds is the heaviest pro- 
ducing of the three varieties. The trip- 
loid, Cabezona, however, usually pro- 
duces larger fruits than does Cayenne. 
The fiesh of the ripe Cayénne fruit 
varies in color from pale yellow to yellow, 
is high in acid and sugars and is essen- 
tially a canning type. With the rapid 
increase in commercial canning of pine- 
apples in Mexico this variety is becoming 
the dominant one, surpassing Red Span- 
ish. 

Queen, on the other hand, is a dual 
purpose fruit, being used for both ecan- 
ning and a fresh fruit type. The plants 
have spiny leaves, are smaller in size 
than Cayenne, and produce small fruits 
from two to three pounds in weight. 
These fruits have a golden yellow color, 
are less juicy and give the general im- 
pression of being sweeter than the larger 
Cayenne. Because of this, they are fa- 
vored in some countries as fresh fruit. 

The Red Spanish variety is quite dis- 
tinct from the other two. Its fruits are 
intermediate in size, the flesh is white, 


quite acid and contains less sugar than 


the other two. The leaves are semi-spiny 
or spiny. Most of the fruit 
the market as fresh fruit, very little of 
it being canned, although some of it is 
used for the production of candied fruit. 

Pernambuco is a variety popular in 
northern Brazil where it is used almost 
entirely for the fresh fruit trade. It has 
a very tender, mild flavored, pale yellow 
flesh which is very pleasing. The fruits 
are small, and range from 2.5 to 4 
pounds. The leaves are spiny. 

The Monte Lirio variety is grown in 
Mexico and Central America. There are 
no spines on the leaves, and the fruit has 


goes onto 
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a tender white flesh with very pleasant 
flavor and aroma. 

Table 3 gives a comparison of these 
two minor varieties with the three more 
widely used ones. 


TABLE 3 
COMPARISON OF FIVE MAJOR VARIETIES For 
THREE CHARACTERS IMPORTANT IN 
COMMERCIAL PRODUCTION 


Average as determined in Hawaii 
Fruit 


weight as degrees 


lbs. Brix 


Variety Sugar : 
; . Acid as 


% citric 


Cayenne 3.5 
Red Spanish 0) 
Queen 2.5 
Pernambuco 3.0 


Monte Lirio oo 


Cultural Methods 
All or mostly all varieties of Ananas 
fruits, and 


crops is 


comosus produce seedless 


propagation of successive 
through the use of three kinds of vegeta- 
tive parts, namely, the slips borne on the 
peduncle beneath the fruit, the crown 
borne on the top of the fruit and suckers 
grown from the leaf axils on the main 
stem of the plant. The suckers are re- 
moved from the plants after fruiting and 
allowed to dry from one to several weeks 
before planting. This period of drying 
prevents rotting of the new plant pieces 
after planting. The number of planting 
pieces varies with varieties and growth 
conditions of the plants, vigorous well 
cultured plants producing both more and 
better planting material than poorly eul- 
tured ones. In the Cayenne variety the 
average number per plant is four, while 
for Red Spanish, Pernambuco and Queen 
the number is somewhat higher. 

The following discussion of cultural 
methods refers primarily to those used 
in the large seale plantings in Hawaii, 
with mention of some practices in other 


countries. The cultural methods vary 
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Fic. 12 (Upper). A young experimental field showing missing and weakened plants caused 
by the soil-borne heart-rot fungus, Phytophthora cinnamomi. Also shows the paper mulch used in 


several areas. 

Fig. 13 (Lower). Pseudananas macrodontes, showing tall peduncle with crownless fruit and 
long flexible heavily spined leaves. Around the plant are four young plants arising from under- 
ground stolons. 
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repeated dise plowing and harrowing 
until the soil is so pulverized and mixed 
that it has a tilth ordinarily found only 
in soils prepared for gardens. This 


widely between countries due to local 
environmental and economic conditions. 

The fields intended for planting are 
viven a most thorough preparation by 


A field of pineapples in Hawaii showing two line bed type of contour planting. 
(Courtesy of Hawaiian Pineapple Co.) 
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thorough preparation is necessary for 
the method of planting used. 

When an old pineapple field is to be 
prepared for a new planting, the first 
step is plowing under the old pineapple 
plants which represent from 50 to 100 
tons of green organic matter per acre. 
The repeated plowings serve to chop up 
and to thoroughly mix these old plants 
with the soil. With the high tempera- 
tures and the high air humidity, this 
mass of organic matter rapidly decom- 
poses in the soil. 

Strips of asphalt-impregnated mulch- 
ing paper, 32 to 36 inches wide, are laid 
on the prepared ground 20 to 24 inches 
apart and the edges covered with soil. 
At the time this paper is laid, a portion 
of the fertilizer may or may not be 
placed in the ground together with the 
soil fumigant known to the trade as D-D 
mixture (1-3 dichloropropene and 1-2 
dichloropropane). There are no stand- 
ard and regular amounts of fertilizer or 
of soil fumigant placed under the paper, 
and practice varies according to soil 
demands and plantation policy. The 
amount of D-D used ordinarily extends 
from 150 to 400 pounds per acre with 
the latter being more common. Magistad 
has listed a fertilization schedule for one 
area as 410 pounds nitrogen, 207 pounds 
P.O; and 520 pounds K,O per acre for 
a complete plant cycle of three years. 
This cannot be considered as a standard 
but only a sample schedule for a speciti 
area. The amounts and kinds of ferti- 
lizers vary widely because of climatic 
and edaphic conditions. 

Although the D-D treatment serves as 
a partial control of the root knot-forming 
nematodes which infest pineapple soils 
in some regions, it has additional bene- 
ficial effects on plant growth, the exact 
nature of which is obscure. Whatever 
the effects may be on various soil organ- 
isms, the development of good vigorous 
root systems follows proper soil fumiga- 


tion in lands cropped for many years. 

The application of D-D appears to sup- 
press the activity of nitrifying organ- 
isms in the soil for eight to ten weeks 
during which time the plants are able to 
utilize ammonium nitrogen for growth 
from ammonium sulfate supplied to the 
plants. 

Three to five days after soil fumiga- 
tion, the plants are planted, usually in 
two lines on each strip of paper. This 
operation consists of thrusting the slips 
into the soil through holes punched in 
the paper with an iron planting tool. It 
is in this operation that good soil tilth 
is essential, for the soil should be fine 
enough to ‘‘flow’’ around the base of the 
slip to hold it in place and to bring soil 
and moisture in contact with the base of 
the plant to facilitate rapid root growth. 

The arrangement of plants in field 
plantings varies widely in different coun- 
tries, depending largely upon local con- 
ditions and customs. In Hawaii the 
plants are placed in two-line beds spaced 
just far enough apart to permit cultural 
and harvesting operations. However, in 
the region around Singapore, the rows 
of plants are placed six to eight feet 
apart with consequently fewer plants per 
acre. Here, however, the rows are 
widely separated in order that the labor- 
ers in eultivating and harvesting may 
have a better chance to avoid poisonous 
snakes which sometimes inhabit the 
fields. The statement was made by one 
farmer from Singapore that were the 
fields there planted as densely as in 
Hawaii, laborers would refuse to enter 
them. 

The pineapple plant in Hawaii reaches 
fruiting maturity in 15 to 22 months 
after planting, depending upon the kind 
of planting material used. Suckers fruit 
in about 15 months, slips require about 
18 to 20 months and ripe fruit from 
crowns is obtained in about 22 months 
after planting. 
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This first crop, or plant crop, is fol- 
lowed by another on the same plants ap- 
proximately one year later. This is 
known as the ‘‘first ratoon crop’’, since 
it is produced on suckers borne by the 
original plant. Sometimes a second ra- 
toon crop is obtained when the plants 
remain healthy. Usually about one year 
elapses between the last ratoon crop and 
a replanting of the land. Thus fields 
are replanted every four or five years, 
and these periods of crop growths are 
known as ‘‘crop cycles’’. The one year 
of land preparation is known as the ‘‘in- 
tercycle’’. Crop rotation so highly ree- 
ommended for successful farming in the 
United States is not generally practiced 
in pineapple agriculture in Hawaii. 
This is primarily because of a shortage 
of available good pineapple-growing 
lands, secondarily because of lack of a 
good one- or two-year economic crop 
which couid be used in rotation with 
pineapples. 

The yields per unit of land area are 
closely correlated with the number of 
plants. Thus in plantings like that 
shown in Fig. 11, the yield should be 
about 32 tons of fruit per acre in the 
first crop with 20 to 25 in the first ratoon 
crop. Where the plants remain healthy 
additional ratoon crops may be obtained, 
but the yield decreases with each suc- 
ceeding ratoon crop. 

A large part of the pineapples pro- 
duced in Hawaii is grown on land ter- 
raced and contoured to preserve both 
surface soil and, in areas of low rainfall, 
surface water. This program of soil con- 
servation was started about 1939 with 
the assistance of the United States Soil 
Conservation Service. 


Value of Paper Mulch 


The question is often raised about the 
function of the mulch paper in pineapple 
fields. There are at least four fairly dis- 
tinet benefits. First, and perhaps most 





ECONOMIC BOTANY 


important, is a reduction in weed growth 
in the area covered by the paper. The 
saving in weed eradication costs thus ef- 
fected has been considered sufficient to 
justify the use of paper. Secondly, the 
paper increases the soil temperature in 
summertime from 12° to 15° F during 
the day, and this produces a 4° to 5° F 
higher night temperature. During the 
winter months these increases range from 
5° to 8° F and 2° to 4° F day and night, 
respectively. Third, the mulch serves to 
slow down moisture evaporation from 
the soil surface, thus holding moisture 
near the soil surface in the region where 
most of the pineapple roots occur. 
Fourth, a consistently higher nitrate con- 
tent has been found in the mulched soils 
regardless of fertilization. This indi- 
eates that the paper mulch, probably 
through the effects of higher tempera- 
ture and moisture, brings about an accel- 
eration of biological processes in the soil, 
increasing the available plant food, es- 
pecially nitrates. 

The mulch paper decays and disinte- 
grates in 10 to 15 months, by which time 
the plants are large enough to shade the 
ground sufficiently to reduce weed 
erowth and to maintain moisture near 
the surface of the soil. 


The Need of Iron 

The fact that pineapple plants in 
Hawaii must be sprayed at frequent in- 
tervals with a weak solution of iron, usu- 
ally in the form of iron sulfate, appears 
to be pretty well known. There are, 
however, some general misconceptions 
regarding this phenomenon. The most 
prevalent one is that the soil in the Ha- 
waiian Islands contains no iron and that 
this element, therefore, must be sup- 
plied. This is far from true, for the red 
soils of Hawaii, comprising a major por- 
tion of the land area, contain about 20 
percent iron. It is this high iron content 
which gives it its red color. In those 
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regions where the soil acidity is rela- plants with iron sulfate solution is not 
tively high (pH 4), iron in the soil is necessary for normal growth; but in 
readily available to the roots of pine- those areas, mostly at lower elevations 
apples. In these areas the feeding of (100 to 1,000 feet), where the soil acidity 
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Fig. 15. Harvesting pineapples in Hawaii. Fifty-foot conveyor belt carries fruit to large 
box on the truck. When the truck box is filled the conveyor unit is raised up off the truck by 
mechanically operated legs, and the truck moves away with its load. Another truck replaces it. 

(Courtesy of Hawaiian Pineapple Co.) 








is relatively low (pH 5.6-7.0), applica- 
tion of iron is necessary to maintain nor- 
mal vigorous plant growth. 

This inability to obtain iron from an 
iron-rich soil under certain conditions is 
a peculiarity of the pineapple not shared 
by other plants, including weeds of the 
pineapple fields, which grow normally 
under these same conditions. 

Some of the soils of Hawaii also con- 
tain a relatively high percentage (5% ) 
of manganese. In such soils the high 
manganese interferes to some extent with 
the absorption and utilization of iron, 
and the pineapple plants become chlo- 
rotic due to the lack of sufficient iron to 
produce normal amounts of chlorophyll. 
This also can be corrected by the appli- 


cation of iron sprayed on the leaves of 


the plant. It should be emphasized that 
this iron applied as a spray is taken into 
the plant largely through the leaves and 
that none or very little of it is carried up 
from the soil through the roots. 

Under conditions of low soil acidity, 
iron from the soil solution is deposited 
and accumulated on the surface of but 
cannot enter the according to 
studies by Sideris in Hawaii. 


roots, 


Phyto-Hormones 


More than a quarter of a century ago 
the people of the Azores growing pine- 
apples in glass houses discovered how to 
control the time of flowering and fruit- 
ing by smudging the plants with smoke 
in a tightly closed house. Many years 
later Puerto Rican growers forced pine- 
apples into early fruiting by building 
smoky trash fires on the windward mar- 
gins of pineapple fields. These growers 
were thus able to obtain ripe fruit in ad- 
vance of the regular season and other 
growers and consequently to obtain 
higher prices for their crop. 

In 1932 Rodrequez, a graduate stu- 
dent at Cornell University, reported 
that pineapple plants confined in an at- 
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mosphere containing ethylene gas pro- 
duced premature flowering and fruiting. 
In the same year Kerns in Hawaii dem- 
onstrated that two other unsaturated 
hvbrocarbon gases, acetylene and butyl- 
ene, would produce the same result when 
the young plants were subjected to these 
gases in a closed container for 24 hours. 

In 1935 Kerns found that pineapple 
plants could also be foreed into prema- 
ture flowering by pouring water satu- 
rated with acetylene into the hearts of 
the plants. This method was promptly 
adapted to plantation scale application 
and extensively used for the control of 
time of fruiting on pineapple plantations 
in Hawaii and later in Australia. 

The practical application of acetylene- 
and ethylene-saturated water for control- 
ling time of fruiting in the pineapple set 
the stage for intensive research on phyto- 
hormones for more precise, extensive and 
economical control of plant growth and 
development. As a result of these stud- 
ies the plant hormone, alpha-naphtha- 
lene-acetic acid, has largely replaced 
acetylene and ethylene and is now in 
widespread use to control time of fruit- 
ing on pineapple plantations. Other 
chemical substances give promise of still 
further control over other phases of 
plant growth and production. 


Control of Weeds 

Perhaps one of the most expensive and 
difficult operations in pineapple culture 
has been the control of weeds. This was 
formerly done by a combination of traec- 
tor-drawn cultivators and hand hoeing. 

The inadequate labor supply during 
the war years forced the planters to 
search for other means of dealing with 
weeds. In this desperate situation many 
new processes were given trials, includ- 
ing the use of specially designed tractor- 
mounted flame throwers. 
quence there is now a completely new 
procedure in the realm of weed control 


As a econse- 
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in pineapple fields, with the rapid ae- 
ceptance and use of efficient chemical 
weed sprays. These inelude various 
combinations of oils, emulsifying com- 
pounds, chlorinated phenols, and water. 
Similar commercial herbicide sprays 
are also employed. These herbicides are 
applied broadcast over the newly planted 
fields before the pineapple plants have 
started active leaf growth. This takes 
care of the early crop of weeds. After 
the pineapples have new leaf growth and 
are sensitive to the herbicide, the weed 
sprays are applied to the spaces between 
the pineapple beds by tractor-drawn 
spray machines which keep the herbicide 
close to the ground and away from the 
tender leaves of the growing pineapples. 
The well known chemical weed sprays, 
2-4-D and 2-4-5-T, while very efficient 
herbicides, are so extremely toxic to pine- 
apple plants that they cannot be used 
in pineapple fields. Consequently other 
types of chemical spray mixtures have 
been adopted which are less harmful. 


Major Diseases 


As is true for most economic species, 
the pineapple is subject to a number of 
Of first rank in im- 
portance because of its universal pres- 
ence and influence on yield of fruit and 
vigor of the plant is the disease now 
called ‘‘mealybug wilt’’. Second in im- 
portance can be listed diseases caused by 
soil fungi which attack both root tip and 
stem tip growing points, causing root rot 
and heart rot, respectively. 


diseases and pests. 


Among other diseases and pests of less 
importance only because of limited or 
sporadic occurrence, several may be men- 
tioned. Yellow spot is a virus disease 
which spreads through the plant and 
fruit from points of inoculation on the 
leaves or fruit, and causes complete de- 
struction of affected plants. The virus is 
transmitted from wild host plants by the 
common onion thrips, Thrips tabaci, 


which feed occasionally on pineapple 


plants. This virus also causes the 
spotted wilt disease of tomatoes. At the 
present time there are no economic 


means of protection against this disease, 
and the losses are sometimes consider- 
able, although sporadic in time and 
place. 

The roots of the pineapple plant are 
susceptible to attack by several species 
of nematodes, among them the widely 
distributed root knot nematodes, Hete- 
rodera marioni, Rotylenchulus renifor- 
mis and Tylenchus brachyurus. The 
practice of soil fumigation with D-D or 
other chemicals has effected a measure of 
control for these pests so they do not 
have the economic importance they had 
before the general use of soil fumigants 
preceding planting of the crop. 

Thecla sp., an insect of the butterfly 
family, is a serious pineapple fruit pest 
in some parts of South America. The 
adult female lays eggs on the flowering 
or growing fruit. The larvae eat their 
way into and spend their growth period 
burrowing through the fruit, causing 
malformed dwarfish fruits often with a 
gummy exudate on the surface. At one 
time there was a thriving pineapple in- 
dustry and cannery on the island of 
Trinidad which was later abandoned be- 
cause of the increasing percentage of 
fruit loss caused by this pest. The 
writer has observed small fields of the 
Pernambuco variety grown in Brazil 
where more than 50 percent of the fruits 
were infested with the larvae of Thecla. 

At least two other fruit and plant 
borers are known in Central and South 
America, but they have caused relatively 
little damage to crops in the present 
widely dispersed manner of growing 
pineapples. 

Several species of  soil-inhabiting 
fungi, including Phytophthora cinna- 
momi, P. palmivera, P. parasitica and 
Pythium spp., cause severe reduction in 
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crop yields under particular climatic con- 
ditions. P. cinnamomi causes rotting of 
both roots and stem tips during the 
cooler and wetter months. P. parasitica 
may occur also in somewhat warmer and 
dryer conditions, and attacks only the 
stem tip and leaf meristem areas, caus- 
ing the disease called ‘‘heart rot’’. This 
rot, widespread over pineapple-growing 
regions, has been reported in Puerto 
Rieo, Costa Rica, Jamaica, Cuba, Haiti, 
Philippines and Australia as well as in 
Hawaii. 

Pythium, which attacks growing roots, 
is also widespread in the pineapple-grow- 
ing areas, and causes a reduction in 
plant growth and vigor which is often 
difficult to recognize and evaluate be- 
cause of variability in the degree of its 
effects. Although soil fumigation, which 


has become a regular cultural practice in 
Hawaii, has some adverse effect on the 
growth of these fungi, it does not consti- 
tute a control at the rate of application 
commonly used, and 


no adequate and 
economically feasible control has been 
found. 

Mealybug wilt is a serious disease of 
the pineapple caused by the feeding of 
the pineapple mealybug, Pseudococcus 
brevipes. This disease is widespread in 
the pineapple-growing regions of the 
world, having been reported in 15 tropi- 
eal countries. The time and place of its 
first appearance in pineapples is not 
known; however, the disease was recog- 
nized long before the connection with 
mealybugs was shown by Illingsworth 
in 1930 and again clearly demonstrated 
by Carter in Hawaii in 1931. 

Diseased plants first show a loss of 
green color and a loss of rigidity of the 
leaves. This is followed by a progressive 
loss of green color, changing to reddish 
yellow, and loss of turgidity leading to 
complete collapse of the leaves. Along 
with these symptoms shown by the 
leaves, the roots are completely de- 
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stroved. Many plants recover slowly 
from this disease by first producing a 
few new roots and then new leaf growth 
from the center of the plant, but even 
these seldom produce fruit of commer- 
cial quality. 

sefore mealybugs were known to be 
responsible for causing wilt, the disease 
had spread through the plantations in 
Hawaii until the industry was threat- 
ened with destruction. The causal agent 
remained obscure for a long time after 
the disease had assumed serious propor- 
tions because the bugs move off the dis- 
eased plants before disease symptoms on 
the aerial parts become apparent. Thus 
visibly diseased plants seldom have 
mealybugs on them. 

After the discovery of the role of 
mealybugs in the causation of wilt, at- 
tention of scientists at the Pineapple Ex- 
periment Station and the plantation men 
was focused on development of methods 
of control. Oil emulsion sprays were de- 
veloped which, when applied under high 
pressure to the mealybug-infested plant, 
would produce a high measure of, al- 
though not complete, control. Large 
spray tanks and high pressure pumps 
mounted on heavy trucks force the emul- 
sion through a 50-foot boom attached to 
the truck and equipped with spray noz- 
zles at short intervals. These spray 
trucks travel the roads which are spaced 
100 feet apart, thus spraying a 50-foot 
strip of plants from each road. Similar 
oil spray methods have been employed 
in other countries for the control of wilt. 

Studies were also started toward devel- 
oping hybrid pineapple varieties having 
natural resistance to the mealybug wilt. 
These studies demonstrated that some of 
the minor commercial varieties are sus- 
ceptible to a less degree than the Cay- 
enne variety used in the Hawaiian in- 
dustry. Several new hybrid varieties 
developed by breeding these resistant va- 
with the Cayenne 


rieties susceptible 
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proved to be highly resistant to the dis- 
ease. The use of such genetically resist- 
ant varieties will bring about a reduction 
in the cost of production by elimination 
of some of the expense of oil spray 
method of wilt control. 

There are a number of other minor 
fruit and plant diseases and pests, but 
none for which control methods have to 
be maintained. 


Mechanization 

Progress in the development and ex- 
tension of American industry is domi- 
nated by the development of machines 
to replace man or animal in many of the 
slow routine and difficult operations. 
The pineapple industry is_ typically 
American in the gradual and increasing 
mechanizations of many of the agricul- 
tural and canning operations. 

Because of the relatively small land 
area devoted to the growing of pineap- 
ples in comparison with the major agri- 
cultural crops of the United States, the 
large farm machinery manufacturers 
were not particularly interested in pro- 
ducing specialized machines required by 
the pineapple plantations. The mech- 
anization of plantation operations was, 
therefore, carried out through the in- 
genuity and resourcefulness of planta- 
tion engineers and mechanics. Special 
machines have been developed by which 
the greater part of the following opera- 
tions are now performed: land prepara- 
tion, soil fumigation, fertilization, mulch 
paper-laying, weed control, hormone and 
iron application, disease and pest control, 
harvesting and fruit handling, collection 
and distribution of planting material. 

The picking of ripe fruit is still a hand 
operation, but the picker now drops the 
picked fruit on a traveling belt in front 
of him which carries it to the loading 
truck (Fig. 15). 

The planting of pineapple slips is still 
largely done by hand labor due to special 
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conditions connected with pineapple 
planting. Most important among these 
are the necessity of planting the slips 
through a hole in the mulch paper made 
at the time of planting, and the varia- 
bility in size of the slips, crowns and 
suckers used as planting material. 

After the man in the field picks a ripe 
fruit and places it on the moving belt in 
front of him it is not again touched by 
human hands until the shell and core 
have been removed in the cannery. Here 
women wearing rubber gloves grade the 
fruit and place the slices in the can. 
From this point it is again handled me- 
chaniecally. 

There are still four manual operations 
where human judgment and skill are re- 
quired. These hand operations are pick- 
ing fully ripened fruit, grading the 
sliced fruit in the cannery according to 
quality standards, picking planting ma- 
terial from mature plants and inserting 
the planting material into the soil for the 
start of a new field. The mechanization 
of many operations in both field and fac- 
tory has helped to maintain economic 
pineapple production in an industry 
where salaries and wages constitute a 
high percentage of over-all costs. 


Pineapple Products 


Parts of the pineapple appear on the 
market in a variety of forms and guises. 
At the top of the list the volume and 
value of these for the canned product are 
the sliced fruit in several grades, crushed 
pineapple, small pieces called ‘‘tid bits’’ 


and larger pieces called ‘‘chunks’’. Nat- 
ural pineapple juice became an impor- 
tant pineapple product in Hawaii 
around 1932 and steadily increased in 
volume and economic importance. Now 
juice is being canned in several addi- 
tional pineapple-producing areas as is 
shown in Table 4. 

Frozen fresh pineapple is just emerg- 
ing from the experimental stage and is 
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TABLE 4 


ANNUAL PRODUCTION OF CANNED PINEAPPLE 


STARRED, FOR THE 12 YEAR PERIOD BETWEEN 1935 AND 
THREE 


Wark ON PRODUCTION ARE SHOWN FOR 
THOUSANDS OF CASES. 


GIVEN AT 


Philippines* 
Australia 
South 


Hawaii 


195 
ORT 


avi 
190 
359 
249 
300 
225 

373 
11] 
55 
164 
78 


10,380 
10,923 
12,203 
10,52] 
10,999 
10,056 
10,515 
11,230 
11,126 
10,164 

9,051 
10,237 


1935-36° 
1936-37 
1937-38 
1938-39 
1939-40 
1940-41 
1942? 
1943 
1944? 
1945* 
1946* 
1947+ 


81 
85 
79 
42 
120 


Hawaii: Data in actual cases from Pineapple Producers Cooperative Association, report of 


members total pack (juice excluded). 
Philippines: Shipments to the U. 


(SOURCES OF 
BoTToM 


Formosa 


IN NINE COUNTRIES, EXCEPT IN THOSE COUNTRIES 


EFFECTS OF THE 
DENOTE 
ARE 


THE 
FIGURES 
CASES 


1947. 

COUNTRIES. 

DATA AND TYPES OF 
OF TABLE.) 


Mexico* 
Total known 
world pack 


British 
Malaya* 


2,359 
2,399 
3,105 

2,314 

2,875 
3,000! 

0 

0 

0 

0 

12 


50! 


4] 

66 

122 

93 

93 

85 

a 111 


ovo 


15,046 
16,858 
16,258 
11,971 
12,697 
12,097 
11,183 
10,847 
12,385 


a 
15 
56 
95 
110 
214 
500 


a 


ORF 


ade) 
390 
960 
1000 


a 385 
a 404 
a 400 


S. converted from pounds to cases of 45 lbs. each. 


Australia: From Annual Reports of Australian Canned Foods Board in 24/30 oz. cans. 
South Africa: Figures from United Kingdom imports converted to 45 lbs. per case. 
Formosa: 24/2 and 3 lb. tins per case, figures from trade sources and Japanese Tinned 


Foods Association. 


Puerto Rico: Shipments to the U. S. converted from pounds to cases of 36 lbs. each. 


British Malaya: Exports converted in the basis of 48/1-1 
mate by Imperial Economic Committee for 1937. 


2 pound tins per ease plus esti 


Cuba: Actual cases from U. 8S. Bureau of Foreign and Domestic Commerce. 
Mexico: Shipments to U. 8S. converted to 36 lbs. per case. 


1 Preliminary estimate. 


2 Data from Western Canner and Packer Yearbook 1946. 


3 sé ee ce ce ee ce 


oe ce 


4 ce cc ce sé 


1947. 
1948. 


5 Data for 1935 to 1941 from Western Canner and Packer Yearbook 1941. 


a Data not available. 


* Data represent the production exported to the U. S. or United Kingdom. 


making its regular but limited appear- 
ance on markets of the United States. 
A small quantity was also recently pro- 
duced in Texas from Mexican grown 
fruit. The quality and uniformity of 
this product depend very much upon the 
use of carefully selected field-ripened 
fruits, such as can be obtained only 
where plantation and freezing plant are 
closely adjacent so that the time lag be- 
tween harvesting in the field and freez- 
ing is only about 24 hours. 

In addition to these major fruit prod- 
ucts there are a number of by-products 


of the pineapple fruit important econom- 
ically but relatively unknown outside 
the pineapple-growing areas. 

Pineapple bran, for instance, is made 
from the outside shells of the fruits. 
After extracting most of the juice the 
shells are chopped into fine pieces and 
passed through steam heated evaporators 
which remove much of the remaining 
moisture and also serve as sterilizers to 
prevent molding. The chopped shells 
are then placed in bags and sold as dairy 
and other farm stock feed. The largest 
quantity, however, is used in dairies. 
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This bran is high in carbohydrates, hav- 


ing about 54% starch and sugars, along 


with about 3.5% protein, 10% water and 
18% fiber. 
times as much vitamin 


It also contains about five 
A as the cereal 
grains, and vitamin B is present to about 


Fie. 16. 
highly mechanized industry. 
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the same amount as it Is in whole wheat, 
according to nutrition studies carried on 
at the University of Hawaii. 
Originally this bran 
shipped to California, but now all of it 
Hawaii. 


some of was 


is used in Some of the can- 


Placing sliced pineapple in cans, one of the few hand operations remaining in a 


(Courtesy of Hawaiian Pineapple Co. 
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sell the pineapple pulp from 
which most of the juice has been ex- 
pressed, but without drying, directly to 
dairies and cattle ranches where it is 
either used at once or stored and used 
as silage later. One large dairy only 
about ten miles from Honolulu mixes 
fresh pineapple pulp in alternate layers 
with a large coarse sorghum-like grass 
(Pennisetum purpureum) in a horizon- 
tal silo dug into the ground. 

Sugar syrup is also recovered from 
pineapple juice either by concentration 
or by the process of ion exchange, and 
is used in the canning of pineapple fruit 
products. Other by-products recovered 
from the juice are commercial grade 
(95%) aleohol and eitric acid. For- 
merly carbon dioxide gas was also pro- 
duced. 

A small quantity of pineapple is also 
used in Hawaii and in several other 


neries 


countries for the production of candied 
fruit, jams, ete. 
A very fine quality of cloth similar to 


the best grade of linen is made from 
pineapple leaf fibers in the Philippines. 
This is not a new product, for a mission- 
ary in the Philippines reported in 1591 
that pina cloth was produced by the 
natives from the leaves of the pineapple 
plant. 

Bromelin, a protein-digesting enzyme, 
has been produced in small quantities 
from pineapple juice, but because of the 
high cost of extraction it cannot be pro- 
duced economically with the present 
high cost of pineapple production. 

Although the American Indians were 
reported to have used pineapples for 
making wine long before Europeans 
came to the New World, very little of 
the fruit is now used for this purpose. 
Small quantities of brandy and liqueurs 
are, however, produced in the Azores, 
Cuba and Brazil. Some of the United 
States troops stationed in Hawaii during 
the recent war, often adjacent to or in 
pineapple fields, learned through their 


own ingenuity some of the methods 
probably used by the Indians of ancient 
America for producing alcoholic bever- 


ages from ripe pineapples. 


World Production of Canned 
Pineapple 


We have shown that pineapples be- 
came established rapidly in_ tropical 
countries around the world after their 
discovery in America. Their cultiva- 
tion, however, remained on a small seale, 
supplying only local markets, until the 
beginning of the present century when 
the canning of pineapples was initiated 
in Hawaii. This canning industry grew 
steadily until by 1936 it was producing 
the major portion of the world supply. 
A smaller amount was produced in a 
number of tropical countries but pri- 
marily in the eight additional countries 
listed in Table 4. This table is intended 
to show the major countries where a con- 
siderable portion of the annual crop is 
eanned. However, in listing pineapple- 
growing areas we cannot omit Brazil, 
the original home of the pineapple. 
Relatively little canning has so far been 
done in that country, but a considerable 
acreage is devoted there to growing pine- 
apples, either as a sole crop or inter- 
planted with other crops. Usually the 
fields are small, but in some parts of the 
State of Sao Paulo large fields are 
planted. A majority of the Brazilian 
pineapples is exported to Argentina and 
Uruguay as fresh fruit, and the rest 
used locally in Brazil. 

Because of the diversity of planting 
methods, sole crop or companion crop, 
and the number of plants per unit area, 
no attempt is here made to compare land 
areas employed in growing pineapples. 
Table 4, therefore, uses the amount of 
eanned fruit produced as a means of 
indicating the relative production in dif- 
ferent countries. 

The United States has always absorbed 
most of the pineapple canned in Hawaii, 
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and there has been very little diverted to 
foreign markets. Before the war a small 
amount of canned pineapple from for- 
eign countries, primarily the Philip- 
pines, Formosa and the West Indies, was 
marketed in the United States. 
Australia, British Malaya and South 
Africa exported canned pineapple to 
countries in the British Commonwealth. 

Mexico, like Brazil, has produced pine- 
apples for a long time, most of which 
were used locally, shipped as fresh fruit 
or preserved in brine in barrels. Within 
the last few years more attention has 
been given to canning of the fruit. This 
change is largely due to the difficulties 
in transporting the fresh fruit to the 
larger city markets rapidly enough to 
prevent great losses due to spoilage. 

The war abruptly stopped pineapple 
production in the Philippines and Brit- 
ish Malaya and prevented export of pine- 
apple from Formosa, except to Japan. 
During the war years the plantations in 
Malaya and the Philippines reverted to 
jungle, and the canning factories were 
stripped of their machinery by the Japa- 
nese. In some places the buildings were 
removed for use elsewhere by the in- 
vaders. 


also 


Utilization 


Flax. In 1937 flax fibre for the 
paper industry was produced for the first 
time in the United States, 927,000 acres be- 
ing harvested that year with a yield of a 
little more than seven million bushels of 
seed. In 1948 about 43 million acres were 
harvested, producing 524 million bushels of 
seed. During the intervening period over 
two million tons of seed flax straw were 
bought for the paper industry from farmers 
for about $5 million, about 10% of it being 
California straw, about 90% from the gen- 
eral Minnesota area. 

“The cigarette and fine paper industry has 
used during this period about 445,939 tons 
of seed flax fibre and accumulated, as of the 
date, an inventory of about 52,000 tons. 
Fibre consumption appears to have leveled 
off at about 60,000 tons per year. In addi- 
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The production data in Table 4 in- 
clude pre-war years in order to show the 
normal contribution of these war dam- 
aged countries to the total world pro- 
duction of canned pineapple during that 
period. 

The pineapple industry in these coun- 
tries, particularly the Philippines and 
British Malaya, is now being re-built 
and can be expected again to make a 
normal contribution to the world supply. 
Increased production is also reported for 
some of the tropical countries. 

The United States government pur- 
chased more than 60 percent of the 
Hawaiian pineapple pack during the 
war years, 1942-1945. This diversion 
of a large part of the Hawaiian pro- 
duction from the normal civilian mar- 
kets ereated a scarcity throughout the 
United States which has not been com- 
pletely relieved up to the present time, 
but the degree of shortage is being grad- 
ually reduced. This lag in supplying 
the market demands was, in part at least, 
due to the complete exhaustion of the 
stock in dealers’ warehouses and shelves 
throughout the country during that five- 
year period of short supply. 


Abstract 


tion to fibre inventory, a large inventory of 
undecorticated flax straw is carried on hand 
as a safety factor in case of poor crops”. 

“The paper industry uses the fibre sepa- 
rated from the straw, which is, roughly, 27% 
of the weight of the straw processed. . . 
The approximately 73% of residue (shives) 
is partially utilized at present as fuel, wall 
board stock, feed and bedding’”’. 

This utilization of flax straw, formerly a 
great farm waste, and the research in agron- 
omy, chemistry and plant breeding neces- 
sary for its development, have been the work 
of the Eeusta Paper Corporation which be- 
gan making cigarette paper from flax at 
Pisgah Forest, N. C., in 1941. Flax fibre 
was first successfully processed into cigarette 
paper in 1937. (L. F. Dixon, Chemurgic 
Digest 8 (8): 9. 1949). 





Mycological Production of Citric Acid— 
the Submerged Culture Method 


Industrial production of citric acid through the fer- 
mentation processes of fungi is being carried on by 


three companies in the United States. 


A pplication 


of recently developed submerged culture methods 
have produced yields as great as those obtained by 
the longer established surface culture technique. 


D. PERLMAN’ 


Introduction 

Within the past ten years the sub- 
merged culture method of growing fungi 
has been successfully applied to many 
fermentations where formerly only the 
surface culture method was used. A 
general discussion of this development 
has recently appeared in this journal 
(19), wherein it is stated that in the 
United States at the time of writing that 
article, only one company was believed 
to be engaged in the manufacture of 
citrie acid by fermentation, production 
amounting to approximately 35,000,000 
pounds in 1948 by this process. The sub- 
merged culture method, first described in 
detail by Kluyver and Perquin (34, 49), 
consists of growing the mold in a vessel 
which is agitated and aerated so that 
the mycelium forms throughout the cul- 
ture liquid, resembling a suspension of 
paper pulp. It has been applied to 
mold fermentations, ineluding 
producing fumaric 
acid, penicillin, gluconie acid, lactic acid, 
oxalic acid, ethanol, kojie acid and 
itaconie acid. Many of the problems 
associated with growing these fungi in 
surface culture have noted when 
the organisms were grown in submerged 


many 


those citric acid, 


been 
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culture, including such matters as eul- 
tural variation, nutrition and effect of 
aeration on metabolism of the organism. 
However, the relative importance of 
these problems is often changed when 
the organism is grown in submerged 
culture as compared with the problems 
encountered when surface culture is 
used, and study’ and reinvestigation of 
these problems are often necessary when 
this change is made. 

While the surface culture method for 
erowing mold cultures has been used for 
more than half a century, it is rather 
uneconomical and inefficient when com- 
with the culture 

Large scale operation of the 


pared submerged 
method. 
surface culture method entails consider- 
able labor per unit of medium handled, 
since the pans or large bottles usually 
used have to be inoculated, harvested, in- 
spected and cleaned by manual labor. 
In the submerged culture method large 
tanks are used, often with capacities of 
15,000 gallons, and the labor per 
unit of medium is considerably less than 
in the eulture method. Also, 
the amount of space required for the 


over 
surface 


processing of a given amount of medium 
is considerably less in the submerged 
culture method. Such 
perature control, sterility control and 


matters as tem- 


860 
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preparation of media are also attended 
to more efficiently in the 
culture method. 

For practical purposes the submerged 


submerged 


culture method offers economic advan- 
tages over the surface culture method. 
However, since many of the mold fev- 
mentations have first studied in 
surface culture, usually because in the 


been 


laboratory surface culture methods are 
more easily used and less expensive with 
regard to equipment, adaptation of the 
techniques learned in investigations of 
these fermentations to submerged cul- 
ture is usually somewhat involved. The 
mycological production of citrie acid is 
one of the mold fermentations which has 
been studied in surface culture for many 
years, and only rather recently has it 
been studied in submerged culture. This 
fermentation product is of considerable 
economic importance, and at present the 
mycological product has succeeded the 
citrus fruit by-product on most markets 
(53, 68, 74). Production has been es- 
timated at 35,000,000 pounds in 1948, an 
increase in ten years of nearly 20,000,000 
pounds. 
of citric acid by the mycological process 
in surface culture on a commercial basis 
did not start until 1923 (50, 74), con- 
siderable advances have been made in 
the intervening period, and the produc- 
tion has increased while the cost of the 
At first a me- 
dium containing purified sucrose as car- 
bohydrate source was evidently used, 
but more recently a process utilizing a 
medium (beet or 
cane) has been perfected, and thus the 
cost of the substrate has been reduced. 
The bulk of the citric acid manufactured 
by this process is made by the firm of 
Chas. Pfizer & Co., New York, and since 
1935 very little citrie acid has been im- 
ported into the United States from 
Kurope. 

The problems encountered in the sur- 


While large seale production 


product has decreased. 


containing molasses 
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face culture method have been recently 
reviewed (19, 68) and will not be men- 
tioned in the following discussion except 
as they bear on problems encountered 
in the submerged culture process. All 
of the reports on the submerged culture 
method refer to laboratory experiments 
carried out in flasks or other laboratory 
size vessels. These vessels are aerated 
by shaking or passing gas mixtures 
through the liquid, and often agitation 
is simultaneously applied. Use of large 
fermentation units has not been reported, 
but it seems probable that such units as 
are used in the mycological production 
of antibiotics could be adapted for my- 
cological production of citrie acid, al- 
though at one time this prospect did not 
appear to be reasonable (74). 

Several decades have 
Amelung (1) reported the production of 
citric acid by Aspergillus japonicus when 
evrown in submerged culture. Perquin 
(49) made a rather detailed study of 
many of the problems involved in the 
production of citric acid by this method, 
and many of the subsequent studies 
(31, 32, 63, 64) have been elaborations 
and extentions of this primary work. 
Within the past few years several in- 
vestigations have given rather contra- 
dictory results, and recent papers (47, 
55-57) indicate that several matters 
which were thought to be of rather minor 
significance are of apparently major im- 
portance. It is probable that all of the 
conditions affecting the mycological pro- 
duction of citric acid by the submerged 
culture method have not been recognized, 
but recent high production yields indi- 
cate that perhaps the major problems 
have been solved. 


passed since 


Selection and Maintenance 
of Cultures 
Citric acid has been reported as a 
metabolic product of many molds, usu- 


ally grown in surface culture. Among 
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them have been Aspergillus niger 
(Sterigmatocystis niger) (68, 73), Bo- 
trytis cinerea (12), A. clavatus (68), 
A. wentu (31, 69), Penicillium luteum 
(14, 15), P. citrinum (14, 15), P. jo- 
hannoli (14, 15), P. citrogenum (14, 30) 
and Mucor piriformis (68). Not all of 
these organisms have been tested in sub- 
merged culture; among those so studied 
and found to produce citric acid are A. 
niger (49, 47, 55, 63), A. wentu (31, 70), 
P. chrysogenum (49), Sclerotium del- 
phinu (43) and Polyporus anceps (48). 
It is probable that all organisms prod- 
ucing citric acid in surface culture will 
produce it in submerged culture under 
suitable conditions. As will be seen from 
the following discussion, certain cultures 
of a given species, and certain genera, 
appear to be more sensitive to certain 
fermentation conditions than other ecul- 
tures and genera, and thus selection of 
cultures for study and evaluation of re- 
sults obtained should not be based en- 
tirely on the performance found in sur- 
face culture. 

In a study of 72 A. niger cultures ob- 
tained from different culture collections 
and presumably of different origin, it ap- 
peared that all the cultures produced an 
appreciable quantity of citric acid when 
grown in submerged culture on synthetic 
media (sucrose and inorganic salts) or on 
molasses media (47). Only a few of this 
group, however, produced large amounts 
of acid under the fermentation conditions 
used, e.g., more than 50 grams of acid 
from the fermentation of 100 grams of 
sucrose, and it seemed quite obvious 
that these cultures differed physio- 
logically from the others. A _ similar 
survey (56) of a smaller group on a 
synthetic medium obtained the same 
general result. It is probable that a 
similar situation will be found in in- 
vestigations of citric acid production by 
other species and genera. 

Complicating this choice of culture are 
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the reports on culture variation (4, 6, 
18, 338, 22). This variation was first 
noted in studying the citrie acid pro- 
duction by A. niger in surface culture 
(18, 46). Subcultures obtained by iso- 
lation of single spores from a high or 
low producer have shown considerable 
variation in their ability to produce eit- 
ric acid. These isolates do not differ from 
the parent culture morphologically, and 
seem to grow as well as the parent cul- 
ture on all media, but often produce far 
less or far more citric acid than the par- 
ent culture. This evidence might be in- 
terpreted to indicate that these cultures 
of A. niger really consist of mixed popul- 
ations. It seems probable that these are 
the results of natural variation, since 
they apparently occur with approxi- 
mately the same frequency in cultures 
derived from single spore isolations as 
in cultures transferred by mass inocu- 
lation procedures. Preliminary studies 
indicate that the same general behavior 
is noted with the cultures found suitable 
for use in submerged culture process 
(47). 

Once the desired culture has been se- 
lected, care must be taken to ‘‘stabilize’’ 
it so that a constant inoculum may be 
obtained. This has been done in other 
microbiological processes by drying the 
spores on soil, or by lyophilizing them 
in serum or milk (3). In studying the 
production of citric acid in surface cul- 
ture it was noted (18) that the storage 
conditions of the stock cultures dried on 
soil was very important. Best results 
were obtained when the stock cultures 
were stored at ice-box temperatures, and 
very poor results were obtained when 
they were stored at 37° C. Similar ob- 
servations (47) were made in connection 
with the storage of soil stocks of cultures 
used in the submerged culture process. 

The observed cultural variation men- 
tioned above has suggested the _ possi- 
bility that induced variants, sometimes 
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called ‘‘mutants’’, of these cultures 
might be selected by various means and 
would be found to be better adapted than 
the parent cultures to the production of 
citric acid under certain fermentation 
conditions. The effect of various chemi- 
cal agents in inducing variations in a 
number of the aspergilli have been 
studied (61, 67), and several reports 
(21) have appeared in the literature in- 
dicating that such agents as ultra-violet 
light, carcinogenic hydrocarbons and 
x-rays will cause morphological and pre- 
sumably physiological changes in cul- 
tures exposed to these forces. Unfor- 
tunately these reports are of a 
preliminary nature, and consideration 
of the possibilities of this approach 
awaits presentation of a detailed study. 

The agar medium used to grow the 
spores in preparation for inoculation of 
culture flasks is of considerable impor- 
tance when cultures of A. niger are used. 
Shu and Johnson (55), in studying acid 
production by one strain, have shown 
that the presence of traces (0.1 p.p.m.) 
of manganese salts in the medium used 
in this stage results in considerable re- 
duction in citric acid yields, presumably 
due to carry over of maganese to the 
fermentation stage from the inoculum. 
They found that this effect may be par- 
tially reversed by including zine salts. 
Observations with other strains of this 
organism (47) have confirmed this report 
that inclusion of manganese salts in the 
agar media used for growing the spores 
is undesirable, and also that this effect 
may be minimized by inclusion of iron 
salts in the media. However, not all cul- 
tures of A. niger are so affected, and it 
is probable that this effect will not be 
found in other genera. Nevertheless, 
it is of interest that such a minor oper- 
ation as the preparation of inoculum me- 
dium has such an effect on the results of 
the fermentation. Solid media, such as 
oat meal and wheat grains, has been used 


with some success for the preparation of 
spores (49). 

While several types of inoculum may 
be used to inoculate mold fermentations 
in laboratory vessels of larger equipment, 
the results obtained when vegetative 
growth is used appear to be more re- 
producible than when a spore suspen- 
sion is employed. Use of a spore sus- 
pension obtained by scraping the spores 
from a culture grown on agar media or 
on starchy materials, e.g., wheat grain, 
oat meal or rye grain, is adapted for 
laboratory experiments and has often 
been used. However, the effects men- 
tioned in the previous section regarding 
the influence of the medium used for 
production of the spores make the use 
of more inoculum a more important fac- 
tor in determining the ultimate success 
of the fermentation than is usually ap- 
preciated, and perhaps in time this 
method will be discarded in favor of 
vegetative growth. 

A vegetative inoculum phase is de- 
sirable for large scale operation, since 
it reduces the time required to complete 
the fermentation cycle. This vegetative 
inoculum may be grown on media simi- 
lar to the medium used in the larger 
fermentation unit, or may be grown on 
entirely different media. Opinions fa- 
voring both types of media have been 
noted in the literature. Three investiga- 
tors (32, 49, 63) report that the in- 
oculum should be grown on a complete 
medium and then transfered to a de- 
ficient medium. This practice is feasible 
on a small seale but certainly has limited 
application for large scale operations, 
especially if the fermentation is to be 
kept bacteriologically uncontaminated. 
Shu and Johnson (56) have used a spore 
suspension in their laboratory experi- 
ments and have observed that no ad- 
vantage was gained by the use of two 
media. They have suggested that the 
alternate practice arises from the use of 
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an unbalanced fermentation medium. 

The size of inoculum used in fermen- 
tation grown under submerged culture 
conditions may vary from three to 40 
per cent of the final volume of the fer- 
mentation. When the method described 
by Szues (63) and Karow (31) is used, 
the inoculum could be considered to con- 
sist of 100 per cent of the fermentation 
volume. Generally in large scale sub- 
merged culture work, several vegetative 
stages are used, starting with small 
units, e.g., Erlenmeyer flasks, and build- 
ing up to larger units, ¢.g., 500 gallon 
tanks, in several stages. 


Selection of Media 


Synthetic Media. Many of the pre- 
liminary experiments have been confined 
to the study of citric acid production 
on media in which all the constituents 
were known, usually called ‘‘synthetic 
media’’, for it has been hoped that under 
these controlled nutritional conditions it 
would be possible to ascertain and under- 
stand the factors affecting citric acid 
production. While this reasoning is 
thought to be sound, it may result in 
making the situation too simple or too 
complex. For example, citric acid pro- 
duction by certain strains of A. niger 
is markedly affected by the presence of 
as little as 0.1 p.p.m. of iron in a syn- 
thetic medium. Thus use of this culture 
would be limited to media which con- 
tain less than this amount of iron, and 
of course this would in turn mean that 
certain raw materials could not be used, 
é.g., molasses, and that certain equip- 
ment made of iron or steel could not be 
used. An analogous situation is found 
in the toxie effect of iron on the produc- 
tion of riboflavin by bacteria (2) and 
yeasts (65,66). In some cases fermenters 
were constructed of aluminum to cir- 
cumvent this difficulty. It would seem 
from this observation that the use of 
molasses as a carbohydrate source could 
not be considered, since it is heavily con- 
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taminated with inorganic constituents. 
It is possible, however, that the metallic 
ions present might counteract each other, 
as has been noticed in other fermenta- 
tions, or that addition of certain salts 
would serve to counteract the undesira- 
ble effects. When these considerations 
are kept in mind, it will be seen that the 
use of synthetic media has a definite 
place in studies on citric acid produe- 
tion. It appears almost necesary to use 
synthetic media for studies on the me- 
chanism of mycological production of 
citric acid. 

As mentioned above, by definition a 
synthetic medium is one in which all of 
the constituents are defined quantita- 
tively. Since most of the fungi used in 
the mycological production of this acid 
are sensitive to metallic ions, analyses 
of the media are necessary. Too few in- 
vestigators have troubled to determine 
the metallic ion content of their basal 
medium when studying the effect of 
metallic ions on acid production, and 
did not indicate that the basal medium, 
usually containing carbohydrate, in- 
organic salts and water, was contami- 
nated with biologically significant quan- 
tities of metallic ions. These entered as 
impurities in the constituents (45, 44, 
60). It is usually assumed that chemi- 
cally pure constituents are also biologi- 
cally pure; reflection will remind one 
that C.P. usually indicates that a sub- 
stance is only 99.90% pure and that as 
little as 0.01 of a metallic ion impurity 
will influence biological growth. Since 
the presence of as little as 0.1 p.p.m. of 
iron, copper, aluminum, manganese, zinc 
and other metallic ions may markedly 
affect citric acid production (45) when 
these elements are added singly, the 
cumulative effect may be expected to be 
tremendous. Thus it is almost always 
necessary to purify the constituents of 
the media to remove the metallic ions. 

Several methods have been suggested 
to accomplish such removal from carbo- 


~~ 
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hydrates and non-ionic fractions of the 
media (60). Shu and Johnson (56) 
have used an aluminum hydroxide ad- 
sorption procedure with success. <A cal- 
cium carbonate adsorption method has 
also been used (60). Metallic ion com- 
plexes were formed with 8-hydroxy- 
quinoline, and then the complex was re- 
moved from the medium by extraction 
with extraction with chloroform (71). 
Other chelating agents may be substi- 
tuted for 8-hydroxyquinoline, and some 
may be left in the medium (27, 28, 53a), 
since they do not interfer with the prog- 
ress of the fermentation. 

A rather non-specific method is the use 
of ion-exchange resins (44, 45). This 
results in removing quantities of all of 
the metallic ions present, and can be ap- 
plied only to the non-ionic fraction of 
the media. The method has been ap- 
plied with success to various media (26, 
31, 45, 52, 66, 39, 75). 

Purification of the inorganic constitu- 
ents of the medium is rather difficult and 
a tedious process. Reerystallization of 
the salts is usually only partly satisfac- 
tory, and it is often easier to prepare the 
salts from purified raw materials (Hut- 
ner, personal communication). 

Selection of carbohydrate materials 
for fermentation studies in the past has 
usually been confined to glucose or su- 
crose. Citric acid production on media 
containing other sugars, including fruc- 
tose, as well as inulin, starch and dextrin, 
has been reported (69, 47). As most of 
the fungi which are used produce am- 
ylases, the use of polymers of simple 
sugars is to be expected. It appears 
that these substrates must be purified 
before use, for apparently it is the inor- 
ganic impurities which must be removed 
(47). 

The optimum concentration of carbo- 
hydrate in synthetic media used in lab- 
oratory studies seems to fall, between 100 
and 150 grams per liter. If higher con- 
centrations are used, the fermentations 


must extend over a long period to con- 
vert the maximum amount of carbohy- 
drate to acid, and the efficiency of the 
process is often diminished. Also, many 
of the cultures apparently do not toler- 
ate high concentrations of acid and will 
stop metabolizing the substrate when 
such conditions exist. If lower concen- 
trations are utilized, it is apparent that 
the quantity of substrate used in the 
formation of mycelium is necessary, €.9., 
if a medium containing 50 grams per 
liter of sucrose is used, as much as 35 
grams per liter are used for growth and 
energy, while if the medium contains 
100 grams per liter, only 45 grams are 
used for mycelium formation and en- 
ergy. When sufficient purification has 
been achieved, yields on media contain- 
ing glucose, fructose or sucrose have 
ranged from 50 to 75 grams of citric 
acid, calculated as anhydrous acid, for 
every 100 grams of carbohydrate fer- 
mented (57). It is probable that yields 
on synthetic media containing other car- 
bohydrates will approach these figures. 

Several organic and inorganic nitro- 
gen sources have been used in synthetic 
media including ammonia salts, nitrates 
and such potential ammonia sources as 
urea and amino acids. A comparison 
(56, 16) of these sources has not indi- 
cated that any one is better than the 
others. It is possible that the advant- 
ages sometimes noted (31) are evidences 
of the purity of the compounds used. 
Most of these cultures used in laboratory 
experiments produce significant quanti- 
ties of proteinase, and it is possible that 
polypeptides might be used as efficiently 
as inorganic nitrogen sources. While 
detailed reports are not available, it is 
probable that a great excess in the 
medium of biologically available nitro- 
gen is to be avoided (56, 16). 

Many of the studies on the mycologi- 
cal production of citrie acid have indi- 
cated that the balance of inorganic nu- 
trients, mainly traces of minor elements, 
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is very important. While all investiga- 
tors find that media should contain phos- 
phate, magnesium and potassium salts 
as well as small quantities of iron, man- 
ganese and zine salts, it is the balance of 
these salts that appears to be important. 
Evidently this is the object of the two- 
stage process, used by Szucs (63, 64) 
and Karow (31), in which the mycelium 
is grown on a medium containing phos- 
phate and then transferred to one with- 
out phosphate, where acid production 
proceeds. These investigators indicate 
that with the cultures used (A. wentti 
and A. niger), good yields of citric acid 
are dependent on the absence of biologi- 


CITRIC acio(7 Day INC UBATIONN 
GBPER 10COGSUG4AR 400ED 





W PHOSPHATE 


HIGH PHOSPHATE 


° acce ons Q030 ooa2 O.0S4 
MANGANESE CONC., MG. PER LITER 


A 


\ 
/ \TITRATASLE 
" 5 “. AcID 





' 2 3 4 Ss 6 7 8 oe 10 UW 


AGE FERMENTATION (DAYS) 

Fic. 1 (Upper left). 
media on citric acid production. 
Fic. 2 (Upper right). 
tion. (Courtesy of Shu and Johnson (56).) 
Fig. 3 (Lower left). 


dium by high-yielding culture of Aspergillus niger. 
Chemical changes occurring during fermentation of sucrose-salts me- 


Fic. 4 (Lower right). 


dium by low-yielding culture of Aspergillus niger. 


as 









cally available phosphate in the fermen- 
tation phase of the process. Shu and 
Johnson (56), working with another cul- 
ture of A. niger, have shown that it is 
not the phosphate alone which is impor- 
tant but rather the balance of manganese, 
zine and phosphate. This relationship is 
illustrated by the data in Figure 1, where 
acid production on a high phosphate 
medium in the presence of a trace of 
manganese was lower than that obtained 
on a low phosphate medium. (This ob- 
servation has been made independently 
by Georgi and associates, personal com- 
munication). Shu and Johnson also 
noted that if the two stage process is 
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used, phosphate must be added if the 
mycelium (grown on a ‘‘complete’’ 
medium, e.g., high phosphate) is care- 
fully washed free of adhering phosphate. 
It seems probable that standardization 
of this two-stage process would be diffi- 
cult, since residual phosphate would be 
held by the mycelium. 

The importance of iron, zinc, manga- 
nese and other of the ‘‘minor’’ elements 
has been stressed (47, 49). It is prob- 
able that the similar interrelationships 
mentioned by Shu and Johnson (56), 
illustrated for iron and zine in Figure 
2. will be found for these elements. The 
role of iron appears to be concerned with 
utilization of the citric acid formed as 
well as with growth of the organism (20, 
47). lf periodic additions of iron are 
made to high-yielding fermentations, the 
rate of citric acid utilization is markedly 
increased, and by careful adjustment it 
is possible to prevent accumulation of 
any acid. It is probable that a similar 
role will be found for the other elements 
used in most media. These studies with 
iron (47) have been made with several 
strains of A. niger and indicate that, 
while all strains are sensitive to the 
presence of iron and while all strains 
will metabolize citric acid, the degree of 
sensitivity to iron varies markedly and 
is perhaps related to the ability of the 
culture to use iron citrate rather than 
‘‘free’’ iron. It is probable that other 
fungi will not be so sensitive as A. niger 
to the presence of iron, since they are 
not inhibited by cyanide (30). This 
perhaps indicates why addition of eal- 
cium is necessary if strains of Penicil- 
lium are used (76) (experiments done 
in surface culture, but undoubtedly bear 
on the submerged process), and suggest 
that the Penicillium cultures cannot 
utilize calcium citrate, and thus the 
citric acid accumulates. 

Calcium salts have often been added 
to media used for citric acid production, 
in both surface and submerged culture 


(49, 76), with varying effects on acid 
production. Hutner (27, 28) has sug- 
gested that calcium salts act as a negat- 
ing agent, neutralizing the undesired 
effects of other metallic ions, as shown in 
his experiments with bacteria. Addi- 
tion of calcium serves to buffer the 
medium, and when it is added to grow- 
ing cultures of A. wentii and A. mger 
(31, 49), oxalic acid accumulates, and 
less citrie acid is found. The aceumula- 
tion of oxalic acid seems to be separated, 
however, from the accumulation of the 
citric acid, and may occur because ¢al- 
cium oxalate is relatively insoluble and 
biologically unavailable. On the other 
hand certain cultures are markedly in- 
hibited by the citric acid they produce, 
and citrate accumulates in significant 
quantities only in the presence of a 
neutralizing agent (43, 76). 

Studies on the effect of the addition 
of many metallic ions on the production 
of citric acid in surface culture have not 
indicated that any one is essential for 
citrate production. Recent studies in 
submerged culture under rather con- 
trolled conditions (56, 47) have not shed 
any light on this aspect, even though 
highly purified media were used. As 
might be expected inclusion of some of 
these had no appreciable effect on citrate 
yields, while others resulted in a signifi- 
cant reduction of citrate yields. Sjo- 
lander (58) has added strips of a num- 
ber of alloys to shaken flasks fermenta- 
tions and noted that only the addition of 
strips of aluminum alloy did not cause 
reduction in acid production. The re- 
duced yields of acid noted when the 
other alloys were present was undoubt- 
edly due to the metallic ions added to 
the medium by the solution of the alloys. 

Addition of vitamins and organic 
growth factors to A. niger fermentations 
in surface culture has not resulted in 
increased acid production (44), and it 
is expected that a similar situation will 
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be noted with the submerged culture 
process (56). However, if other or- 
ganisms are used for the production of 
citric acid, including Polyporus sp. (48) 
and Botrytis cinerea (17), addition of 
thiamin to a synthetic medium is neces- 
sary in order to obtain growth. While 
these organisms have been found to pro- 
duce very small amounts of citric acid 
when grown in submerged culture, it is 
possible that production might be in- 
ereased under favorable conditions. 
Essentially the Same process used for 
the recovery of citric acid from surface 
culture fermentations (9, 10) may be 
employed for the recovery of acid from 
submerged fermentations. The my- 
celium is collected by filtration, calcium 
oxide is added to the filtrate, and the 
mixture heated. The precipitated cal- 
cium citrate may be purified by recrys- 
tallization, and the citric acid regener- 
ated from the calcium salt with sulfuric 
The commercial product is usu- 
The ecol- 
significant 


acid. 
ally citric acid monohydrate. 
lected mycelium contains 
quantities of B-complex vitamins and 
amino acids, and has value as a feed 
supplement similar to other mycelia 
(62). 

Natural Media. 
has been concerned with media in which 
all of the constituents are known and 
thus individually of reasonable purity. 
Economically this has disadvantages, for 
purification of the ingredients is expen- 
sive, and less pure materials are of 
course usually less expensive. While 
the surface culture process when started 
commercially as a medium contained 
purified sucrose, more recently beet mo- 
lasses and cane molasses have been used 
(68). These substrates are considerably 
less expensive than the purified sucrose, 
and under present conditions a com- 
mercial process must use them to meet 
competition. 

Citric acid production has_ been 
studied on media containing inexpen- 
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sive and readily available carbohydrates, 
including cane molasses, beet molasses, 
maltose syrups, starch products, cellu- 
lose hydrolyzates and similar materials. 
Several grades of each of these classes 
have been studied in the surface culture 
process (69, 42), and some of them have 
received attention in the submerged eul- 
ture process (31, 47, 58). These sub- 
strates are of variable composition, and 
a somewhat flexible fermentation process 
must be designed if they are to be used. 
The available data indicate that under 
suitable conditions fairly high yields of 
citric acid may be obtained on media 
containing molasses and similar crude 
carbohydrates. 

Since molasses and starchy materials 
contain large quantities of materials of 
unknown composition, purification of 
these materials is often attempted to re- 
duce the amounts of undesirable sub- 
stances and make the substrate usable. 
The data available dealing mainly with 
citric acid production by aspergilli (31, 
25, 46, 58, 33) in surface and submerged 
culture indicate that removal of certain 
of the inorganic constituents of the mo- 
lasses results in increased acid produc- 
tion. Analyses of various samples of 
molasses (44, 46, 54, 25) have shown that 
certain products contain considerable 
ash, sometimes as high as 20 per cent of 
the weight of molasses. Reduction of 
this inorganic fraction by treatment 
with ionic-exchange materials (7, 8, 26, 
39, 72), charcoal (31, 38), chemicals 
(38, 25, 29) and other materials (28, 40) 
has resulted in a product which may be 
used for the production of citric acid. 
Beet molasses contains significant quan- 
tities of nitrogen and phosphates, while 
cane molasses is low in these ingredients 
(44), and nitrogen-containing com- 
pounds and phosphates are usually 
added to media prepared with cane mo- 
while additions are not 
necessary when beet molasses is used. 
The ionic exchange (46) 


lasses, such 


treatments 





 _ 
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which are well adapted to remove the 
inorganic constituents from molasses do 
not remove all the nitrogenous com- 
pounds. Purification of molasses by 
these procedures is likely to be an ex- 
pensive process, and the cost may de- 
termine in part the feasibility of using 
these substances as substrates. Crude 
starch has a low ash content, much lower 
than most types of molasses, and puri- 
fication of this substance may be less 
expensive than purification of molasses. 
Thus while starch costs more initially, 
it may have advantages over molasses 
whose initial cost is low but whose puri- 
fication cost may be high. 

Kew data are available on fermenta- 
tions which have used these crude carbo- 
hydrate sources as substrates for the 
submerged culture process. It appears 
that after suitable treatment rather high 
yields may be obtained (47, 32, 58). 
The same problems that are found with 
the use of synthetic media are en- 
countered with this type of media. 
These include culture selection, incuba- 
tion temperature, aeration methods and 
recovery methods. When crude sub- 
strates are used there are perhaps more 
difficulties encountered. Certainly re- 
covery of the citric acid is more difficult, 
since the product is likely to be colored 
from adsorbed materials, and frequently 
recrystallization is necessary. Selection 
of cultures is often more difficult for a 
comparable process utilizing synthetic 
media, for the molasses often appears to 
contain substances inhibitory to citric 
acid production though not to growth. 
Cultures which are satisfactory for the 
synthetic media are often not useful for 
molasses media, but fortunately cultures 
which do well on molasses media also do 
well on synthetic media (47, 32). 


Fermentation Conditions 
Aeration. 
has been concerned mainly with the ef- 
fect of constituents of the medium on 
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citric acid production under given fer- 
mentation conditions. Several reports 
are available illustrating the effect of 
changing the fermentation conditions on 
acid production. One of these factors 
which has received study in several lab- 
oratories is that of different aeration 
methods on acid production (32, 47, 56). 
Nearly all of the laboratory studies have 
used shaken Erlenmeyer flasks as fer- 
mentation vessels (32, 47, 56, 58, 49) 
and have conducted a few studies in 
which the fermentations were grown in 
flasks aerated by passing gaseous mix- 
tures through fritted glass plates or por- 
ous stones, indicating that this method 
may be also used (31, 63). Various gas 
mixtures have been passed through fer- 
mentations in these latter vessels. Szucs 
(63, 64) and Karow and Waksman (32) 
have found that use of oxygen resulted 
in best yields, while others have obtained 
good yields when air was supplied (47, 
53a,56). It is apparent that under either 
of these conditions the fungus does not 
use more than 5% of the oxygen passed 
through the medium, as ascertained by 
measurement of the carbon dioxide, con- 
tent of the exhaust gas, and it is pre- 
sumed that aeration accomplishes more 
than to provide a source of available 
oxygen. Study of the data does not in- 
dicate why oxygen is desirable when a 
low phosphate medium is used (31, 63), 
and repetition of these experiments in 
another laboratory (56) has indicated 
that air may be used with other cultures 
of A. niger when grown on these media. 
Szucs (64) has reported that addition 
of milk colloids has resulted in increased 
citric acid production, which he attri- 
butes to the effect of the colloidal par- 
ticles on the dispersion of the air. 

The methods by which fermentation 
vessels are agitated has a direct effect 
on aeration efficiency in submerged eul- 
ture fermentations (11, 59). Agitation 
and mixing are often increased by se of 
paddles, baffles and pumps for recycling 
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a portion of the vessels’ contents. As 
laboratory studies have been mainly con- 
fined to small scale fermentations, no 
data are available concerning the dif- 
ficulties in adapting the fermentations 
to large scale operations, but similar 
problems are expected to arise as were 
noted in the penicillin process (11, 59). 

Temperature. The effect of the tem- 
perature of incubation during the fer- 
mentation period on citric acid produc- 
tion has received some study in both the 
surface culture process (41, 35, 44) and 
the submerged process (47). Nearly all 
of the organisms studied will grow well 
when incubated in the range of 15-40‘ 
C. However, growth is not necessarily 
to be associated with citric acid produc- 
tion, and, as noted by Perlman (47), 
nearly all strains of A. niger tested pro- 
duced rather high yields of citric acid 
when incubated at 24-30° C., but prac- 
tically no acid when incubated at 37° C. 
The quantity of mycelium found at the 
higher temeprature was as great as that 
at the lower temperature. The data are 
too fragmentary to allow much specula- 
tion regarding possible reasons for this 
situation, but do indicate that metabolic 
rates are usually higher at the higher 
temperatures, and that citrate is metabo- 
lized at a faster rate at the higher tem- 
perature. Certain strains of A. niger 
appear to produce more citrate than 
others at the higher temperature, but 
this may be the result of the observation 
that these cultures do not utilize the 
citrate formed as rapidly as do the so- 
called ‘‘poor’’ producers. 

Culture Techniques. Mention has 
been made of the two-stage process used 
by Szues (63) and Karow and Waksman 
(32, 70). This process is similar in plan 
to the ‘‘reuse of mycelium’’ practice 
used successfully in surface culture fer- 
mentations (13), where the fermented 
medium is removed from underneath the 
mycelium and replaced with fresh me- 
dium. While in surface culture prac- 
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tice it is comparatively simple to remove 
and replace the medium without dis- 
turbing the mycelium, this operation be- 
comes rather complicated in the sub- 
merged culture process. The mycelium 
in this latter process is rather shapeless 
and without rigidity, and filtration re- 
sults in ‘‘packing’’ of the mycelium and 
makes washing of the collected material 
‘rather difficult. Both Szues (63) and 
Karow (31) indicate that the collected 
mycelium must be washed thoroughly to 
remove the residual fluid from the first 
stage of the fermentation. While the 


mold cells appear to withstand a mini- - 


mum, measurements (43) have indicated 
that ability to oxidize glucose is reduced 
after even a short treatment. and no 
doubt too rough treatment will result 
in considerable killing of the mycelial 
cells. Application of the two-stage proc- 
es to large scale fermentation practice 
has not been reported, and undoubtedly 
unexpected problems will be found, 
especially if other organisms are to be 
kept out of the fermenters. 
Application of the ‘‘continuous fer- 
mentation’’ technique or the ‘‘slow- 
feed’’ technique to this fermentation 
process has not been reported, but, since 
it has been used successfully in other 
mold fermentations operated under sub- 
merged conditions, it seems adapted to 
this fermentation. In one variation of 
the former technique medium is added 
periodically to the fermentation vessel, 
and an equal volume is removed simul- 
taneously. In the latter method a con- 
centrated solution of substrate is added 
periodically to replace that fermented. 
Both of these practices appear to reduce 
the time necessary for the production of 
acid from a given quantity of medium. 


Mechanism of Mycological 
Citric Acid Production 
Chemical Changes Occurring Dur- 
ing the Fermentation. The chemical 
changes oceurring during fermentation 
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of a synthetic medium in surface cul- 
ture have been studied by several in- 
vestigators (44, 73). Similar studies 
have been made with high- and low- 
yielding strains of A. niger in fermenta- 
tions of a sucrose medium in submerged 
culture, with the essential data sum- 
marized in Figures 3 and 4. It may be 
seen that while some differences exist be- 
tween the types of fermentation practice, 
greater difference were observed be- 
tween the two cultures used. The low- 
yielding culture fermented the available 
sucrose at a much slower rate than the 
high-yielding culture, and the total acid 
formation rate was much slower with 
the former culture. Perhaps this in- 
dicates a more complete oxidation of the 
carbohydrate, since the curve represent- 
ing the oxygen demand is much more 
drawn out. Only traces of oxalic acid 
were formed by either of the cultures. 
However, gluconie acid, identified by the 
benzimidazole derivative, was found in 
the early stages of the fermentation by 
the high-yielding culture and was not 
noted in the media fermented by the low- 
yielding culture. Perhaps this is the 
non-citric acid noted during the early 
part of the fermentation period. Glu- 
conic acid could not be found during 
the latter part of the fermentation 
period. 

Role of Carbon Dioxide. The role of 
carbon dioxide in this fermentation has 
been the subject of much speculation. 
Use of it, containing the isotopic forms 
of carbon (C"™ and C"™, radioactive; C', 
stable type), has enabled investigators 
to trace the utilization of this component. 
Little evidence has been presented, how- 
ever, that it plays a major role in citric 
acid formation. Foster et al. (24), on 
the basis of an experiment utilizing 
C"'O, (half-life of 20 min.), have pro- 
posed that it is incorporated in the ear- 
boxyl groups of the citric acid formed. 
However, the evidence is not well estab- 
lished, for the organism was grown only 


20 minutes in the presence of air en- 
riched with C'O., and this brown- 
spored culture of A. niger, later iden- 
tified as A. wentii by Karow (31) who 
obtained best results when oxygen was 
used as the aerating gas mixture, would 
form traces of citric acid (less than 0.01 
mg. per ml) only during this interval 
when grown under the best of condi- 
tions. El-Kerdany (23), working with 
C'0,, has reported that in surface cul- 
ture carbon dioxide is incorporated into 
the mycelium and the carboxyl groups 
of the citric acid formed. The extent of 
incorporation was not determined. Mar- 
tin and Wilson (37) have given a pre- 
liminary report on the incorporation of 
carbon dioxide into citric acid when the 
organism is grown on a synthetic me- 
dium in submerged culture, and found 
the ‘‘tagged’’ carbon in the carboxyl 
groups of the citric acid. They sug- 
gested that less than 10 per cent of the 
citric acid formed contains the carbon 
from the carbon dioxide. Until the mag- 
nitude of the fixation is determined it 
is rather valueless to speculate in which 
reactions the carbon dioxide could par- 
ticipate. 

Intermediates in Citric Acid Forma- 
tion. The increase in citrie acid produc- 
tion following addition of certain car- 
bon-containing compounds to growing 
cultures has been presented as evidence 
that these compounds are intermediates 
in the formation of citric acid. The 
studies in surface culture have been the 
basis of many theories and have been 
summarized (51, 68). The studies in 
submerged culture (47) have indicated 
that acetate and ethanol will increase 
the quantity of citric acid formed when 
they are added to growing cultures. 
However, these substances may be 
merely useful carbon sources and may 
not act as intermediates in citrie acid 
formation. Addition of small quantities 
of oxalic acid, tartaric acid or hydroxy- 


isobutyrie acid also resulted in in- 
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creased acid production. Undoubtedly 
these compounds acted to form biolog- 
ically unavailable complexes of certain 
metallic ions present in the media and 
thus probably reduced the mycological 
degradation of the citric acid (20, 47). 
The addition of these acids and the re- 
sulting increase in citric acid production 
can not be used as indication that these 
acids serve as intermediates in the pro- 
duction of the citric acid. 


Summary 

The literature concerning the mycol- 
ogical process of citric acid production 
in submerged culture has so far been 
confined to reports of laboratory experi- 
ments; details regarding commercial 
production are not a matter of public 
information. These indicate 
that the problems associated with devel- 
opment of the method concern selection 
of mold cultures, preparation of inocula, 
selection of media and methods of aera- 
tion. They also show that yields of 
citric acid have been obtained on a lab- 
oratory scale by the submerged culture 
method that are very similar to those 
obtained by the longer established sur- 
face culture namely, 70 
grams of citric acid from the fermenta- 
tion of 100 grams of carbohydrate. 
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Abstract 


waste, are processed into approximately one- 
third oil for use in the manufacture of plas- 
ties, resins and medicinals; one-half into eattle 
meal; and one-sixth into hulls to be ground 
for use as a fertilizer conditioner. (J. KE. 
Hutehman, Chemurgic Digest 8(9): 4. 
1949). 





Research on the Improvement of 


Turpentine Practices 


The age-old turpentine industry is being modernized 
by a three-fold research attack involving advances in 
extraction techniques through chemical stimulation 
procedures; the selection, breeding and propagation 
of high-yielding turpentine pines; and engineering 
research on equipment used in woods operations. 


ALBERT G. 


One of the most colorful segments of 
American forest enterprise is the gum 
naval stores industry of the deep South. 
The industry centers around the solitary 
‘‘chipper’’ who winds his way through 
swamps and saw-palmettoes, wounding 
thousands of trees once each week. He 
repeats what his father and grandfather 
probably did before him. However, the 
naval industry compete 
with newer industries for manpower, 
and its products must be marketed in 
competition with those of modern chem- 
ical industries. It was inevitable, there- 
fore, that technological progress should 
come to the turpentine woods, even 
though somewhat tardily, and attention 
focus on the woods worker who taps the 
trees. 


stores must 


History 

For a proper understanding of the 
technological problems of the naval 
stores industry, it is well to examine the 
industry’s deep roots in history and 
tradition. 

Pine pitch has long been a_ trade 
article in commerce, and its early use in 
ship construction and rigging preserva- 
tion led to the present name of ‘‘ Naval 
Stores’’. The colorful early history of 
the development of the naval stores in- 

1 Silviculturist, Lake City, Florida Branch, 


Southeastern Forest Experiment Station, Forest 
Service, U. S. Department of Agriculture. 
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dustry has been interestingly presented 
by Ostrom (7). He started with a de- 
scription of the use of pitch during the 
period 315 to 166 BC, and traced the 
changes in this ancient industry through 
to modern times. In those early days 
the pitch used in wooden ship construe- 
tion was derived from the tar obtained 
from resinous woods during slow com- 
bustion. This relatively crude product 
was used throughout the centuries until 
the early eighteen-hundreds. 

Production of tar and pitch in this 
country dates back to the days of the 
early colonial settlers, starting in Nova 
Scotia (1606) and spreading to the 
Carolinas. Little turpentining, as prac- 
ticed today, was done in the deep South 
prior to 1830. When it was found that 
longleaf pine (Pinus palustris Mill.) 
would produce abundant quantities of 
gum, the industry rapidly spread 
throughout the longleaf belt from the 
Carolinas to Texas. At the present time 
the great bulk of production is from the 
second-growth stands of Georgia and 
Florida. 

The earliest large-scale method of gum 
collection involved cutting a hole, or 
‘*box’’, in the base of large trees in the 
virgin forest of that time. This crude 
and inefficient system continued without 
change for many vears. About the time 
of the transition from the use of virgin 
to second-growth timber one of the few 
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great advances in gum-collecting tech- 
niques was made. In 1904, following 
sporadic attempts in the use of cups and 
gutters, the Herty system of using metal 
gutters, and cups of various types, was 
extensively introduced. This basic sys- 
tem is still in use today. 


Fig. 1. Old style of separating turpentine 
fire still to determine relative temperature. 


About 1834 the first copper kettles 
were brought to North Carolina, and 
this marked the beginning of the separa- 
tion of turpentine and rosin in this coun- 
try on any large scale. Formerly either 
the crude gum, or tar and pitch, was put 
in barrels and shipped abroad for proc- 
essing. At first the raw gum was trans- 
ported to the coastal towns by river, but 
later hundreds of small direct-fire tur- 
pentine stills became widely scattered 
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throughout the gum belt. Shortly after 
organized research on _ better stilling 
methods was begun in 1926 by the 
Bureau of Chemistry and Soils (now 
Bureau of Agricultural and Industrial 
Chemistry), ‘‘steam-still’’ 
came into use. A much better product 


processing 





and rosin by ‘‘sounding’’ the worm outlet of a 


was obtained, particularly after the in- 
troduction of a process for diluting, 
filtering and washing the crude gum be- 
fore stilling. Now about 90 percent of 
the crude gum produced is processed in 
modern steam stills. 


Uses of Naval Stores Products 
The materials derived from the 


oleoresin flowing from wounded pines 
find their way into a multitude of prod- 
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TABLE 1 
CONSUMPTION OF RosIN BY U. S. INDUSTRIES, 
APRIL 1, 1947 TO MARCH 31, 1948 


Number 
Consuming Industry of 
drums* 
350,103 
347,162 


257,929 


Chemicals & Pharmaceuticals 
Paper & Paper Size 
Ester Gum & Synthetic Resins 


Soap 144,090 
Paint, Varnish & Lacquer 112,890 
Linoleum & Floor Coverings 33,532 
Adhesives & Plastics 18,095 
Rubber 17,741 
Oils & Greases 13,193 
Foundries & Supplies 10,004 
Printing Ink 7,530 
Shoe Polish 5,166 
Railroads & Shipyards 4,653 
Insecticides & Disinfectants 3,338 
Asphaltic Products 1,632 
Matches 1,121 
Abattoirs 618 
Automobiles & Wagons 219 
Furniture 6 
Other Industries 3,717 
Total Reported 1,332,739 
Not Accounted for 11,539 
Total Consumption 1,344,278 


* Each 520 lbs. net. 


ucts in everyday use. The rosin con- 
sumers are listed in Table 1. Three of 
these also head the list for turpentine 
consumption given in Table 2. How- 
ever, you are one of the unseen members 
of the turpentine group, since most of 
the 325,164 barrels of turpentine listed 
as ‘‘Not accounted for’’ goes into the 
retail trade in small bottles found on the 
shelves of nearly every conceivable type 
of store. <A bottle of ‘‘Gum spirits of 
turpentine’? can be found in a host of 
places between the garage of an office 
worker in Florida and an Eskimo igloo 
in Alaska. 


How Pine Gum is Produced 


exuded from 
wounded pine trees, is derived on a com- 
mercial basis in this country from two 
species, slash pine (Pinus caribaea More- 
let) and longleaf pine (Pinus palustris 


Miller). 


Oleoresin, the gum 


This gum is composed of two 


TABLE 2 


CONSUMPTION OF TURPENTINE BY U. S. INDUS- 
TRIES, APRIL 1, 1947 TO MARCH 31, 1948 


Number 
Consuming Industry of 
barrels* 


Chemicals & Pharmaceuticals 96,878 


Ester Gum & Synthetic Resins 17,178 
Paint, Varnish & Lacquer 15,048 
Railroads & Shipyards 4,910 
Shoe Polish & Materials 4,143 
Foundries & Supplies 882 
Asphaltie Products 449 
tubber 357 
Adhesives & Plasties 166 
Printing Ink 154 
Furniture 153 
Insecticides & Disinfectants 125 
Automobiles & Wagons 74 
Oils & Greases 25 
Linoleum & Floor Covering ] 
Other Industries 116 
Total Reported 140,059 
Not Accounted For 325,164 
Total Consumption 465,773 


* Each 50 gallons. 


principle fractions, rosin and turpen- 
tine, which are separated in processing 
by simple distillation. 

In preparing a tree for turpentining 
a worker first smooths the bark near the 
base of a tree with a tool, such as a 
broadaxe. The next step is to fasten 
metal gutters or aprons to the tree to 
guide the flow of gum into the receiving 
cup. This is done by either inserting 
‘‘tins’’ in broadaxe incisions or by 
tacking them on the surface of the 
smoothed bark. <A round clay flower- 
pot-type cup, or flat-bottomed metal cup, 
is hung below the tins to catch the flow 
of oleoresin. The ‘‘chipper’’ then pro- 
cedes to cut an incision into the tree, 
about one-half inch deep and one-half 
inch high, for a distance around the tree 
of one-third the circumference, with a 
tool called a ‘‘hack’’. This chipping is 
done on a weekly schedule, and a total 
of about 32 ‘‘streaks’’ are made during 


these 


the season. The ‘‘dip’’ squad empties 
the cups when full, usually at three- or 


four-week intervals. The gum is ecol- 
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lected in dip buckets, transferred to 
barrels holding about 435 pounds of 
crude gum, and these are transported to 
a central point in ‘‘gum buggys’’—rub- 
ber tired wagons drawn by a mule. In 
some modern operations a light tractor 
is used to pull the gum buggy through 
the woods. 


The gum, as it comes from the ends of 


open resin ducts, is in a liquid state. 


Fig. 2. 


Some of this gum crystallizes on the 
‘*face’’ below the freshly cut streak and 
forms a hardened mass called ‘‘scrape’’ 
This material, which is lower in turpen- 
tine content than fresh oleoresin, is 
collected separately at the end of the 
season. 

Wounding a tree by ‘‘chipping’’ ex- 
poses open vertical resin ducts which are 
part of an interconnecting network of 
large vertical ducts and smaller more 
numerous horizontal ducts. The gum 


‘ 


A modern steam plant 





BOTANY 


continues to come, drop by drop, from 
the exposed ends of these ducts, and 
flows until the duets are gradually 
closed, perhaps by slow erystallization 
of the gum. Rechipping is then neces- 
sary to renew the flow of oleoresin. The 
constituents in oleoresin are synthesized 
in the epithelial cells surrounding the 
open vertical ducts to replace that re- 
moved during turpentining. 





for processing pine gum. 


At central modern steam stills the raw 
gum is dumped into vats, then heated 
and diluted with turpentine to facilitate 
its movement through pipes. During 
processing the gum is filtered and 
washed before going into the still. The 
temperature of the mixture is raised to 
the point where the turpentine is volati- 
lized and collected through a condenser. 
The residual then usually 
drained into metal drums and allowed 
to cool to a clear brittle hardness. In 


rosin is 
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some cases the hot rosin is pumped into 
special heated tank cars and rushed, in 
a liquid state, to the plants utilizing 
rosin on a large scale. 


Economics 


The gum naval stores industry, with 
its 43 million dollar income in 1947, and 
its more than 8,000 gum-producers, is an 
important segment of the economy of 
the South. The droplets of oleoresin 
coming from individual resin ducts less 
than the size of the shank of a pin ac- 
cumulated to a total of over 1,350,000 
barrels of gum during the 1947 season. 
It took over 72 million trees to produce 
this total amount of raw gum. This 
means an average of 8.1 pounds of gum, 
worth about 58 cents, from each tree. 

This value from each tree each year 
for five to ten years or more looks like 
mighty good business, since there is still 
some wood value in the tree after it is 
no longer useable for turpentining. 
However, customary methods of turpen- 
tining require so much hand labor that 
the net income is only a small portion 
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of the gross value of the gum. For in- 
stance, in the old days of virgin timber 
the trees were large and fairly closely 
spaced. <A chipper in those days could 
handle up to 10,000 ‘‘boxes’’ per week: 
now with seattered second-growth timber 
of smaller size, the task for a chipper is 
about 5,000 ‘‘faces’’ per week. Thus 
the workers’ efficiency is greatly re- 
duced. It is estimated that workers 
must walk about 3,000 miles to turpen- 
tine 10,000 trees for a full season, taking 
care of all essential operations of cup 
hanging, chipping, gum dipping and 
serape collection (11). 

The peak production of 750,000 units? 
in 1908 marked the maximum naval 
stores utilization of the original virgin 
timber. Thereafter the gradual aver- 

2A gum naval stores unit is one barrel (50 


gal.) of turpentine and 2-2/3 drums (520 Ibs. 
net weight each) of rosin. 








- 


age decline in production coincided with 
lower demand, low decreased 
availability of large trees and greater 
labor costs per unit of gum produced. 
Following the temporary production 
spurt just afer World War I, the same 
production decline continued. 

Another factor contributing to price 
declines was the gradually increased 
competition afforded by substitute prod- 
ucts. A cheap substitute for turpen- 
tine as a paint thinner and solvent was 
available in the petroleum derivative 
‘mineral spirits’’. Rosin is also pro- 
duced much more cheaply from stump- 
wood, the old stumps of the virgin long- 
leaf timber; it is estimated that 25 or 
more years supply of stumpwood is still 
available. At the present time tall oil, 
a recovered by-product of the sulphate 
process in manufacturing paper from 
pine wood, is being utilized on a much 
larger scale, and because of its cheaper 
price is fast taking over certain rosin 
markets. It is estimated that two mil- 
lion pounds were used in 1943 for paints, 
varnishes and floor coverings, while 32 
million pounds were used in 1947 for the 
same purpose. 

During World War II the demand for 
turpentine and rosin exceeded the sup- 
ply. The goal of 350,000 units of gum 
naval stores during the fourth year of 
the war was not met; only 250,000 units 
were produced. The acute labor short- 
age was the principal cause of this fail- 
ure, since gum production is still largely 
dependent on _ labor. A continuing 
labor movement from the turpentine 
camps to pulpwood operations has taken 
Thus it is evident 


prices, 


place since the war. 
that if the gum naval stores industry is 
to be maintained under increasing com- 
petition for labor, new techniques for 
increasing the efficiency of production 
in the woods are urgently needed. 

To meet this demand for increased 
efficiency in gum naval stores produc- 
tion, the U. S. Forest Service intensified 
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its meager research program in naval 
stores shortly after the beginning of the 
recent World War. The industry now 
has a much better outlook because of the 
present and future results of three 
lines of research attack: advances in ex- 
traction techniques through chemical 
stimulation procedures ; selection, breed- 
ing and propagation of high-yielding 
turpentine pines; and engineering re- 
search on equipment used in woods 
operations. 


Research Progress 

Sporadic individual research efforts 
by Charles Herty started about the turn 
of the present century, while organized 
research in naval stores was delayed 
until studies were commenced at Starke, 
Florida, in 1922 by the Southern Forest 
Experiment Station of the United States 
Forest Service. The program was con- 
centrated on improving extraction tech- 
niques in the woods. They approached 
the problems by determining optimum 
depths and heights of chipping, tree 
sizes best suited to economical turpen- 
tining, optimum number of faces per 
tree, methods of cup and gutter installa- 
tions, frequency of chipping, and a host 
of related studies. Much progress was 
made and many practical techniques 
worked out and recommended for indus- 
trial application. 

One big advance was made in delimit- 
ing the minimum size of tree to be tur- 
pentined. When gum prices were high 
and large virgin trees scare, the operator 
turned to very small trees. It is said 
that some of the trees were so small it 
took two men to work a tree—one to hold 
it steady while the other chipped. This 
exaggeration emphasized the fact that 
the turpentine men did work very small 
trees—some as small as five inches in 
diameter—and actually the gum yield 
on these small trees was not of sufficient 





value to pay for the cost of operation. 
Largely as a result of early concrete re- 
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Meeting ground of a large vertical resin duct and the duct of a horizontal ray in 
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search results the minimum size of tree 
for profitable tapping was set at nine 
inches in diameter breast high. The in- 
dustry rapidly came to adhere to this 
precept when it was written into the 
Naval Stores Conservation Program of 
the Department of Agriculture in 1936. 

The original when virgin 
trees were being worked, was to chip 
‘*knee deep and belly wide’’. Later 
research showed that deep chipping, on 
second-growth particularly, did 
not yield appreciably greater quantities 
of gum than shallow chipping. The 
deeply chipped trees were also subject 
to excessive wind-throw. At the same 
time chipping a streak from three- 
fourths to one inch in height not only 
used up the tree faster but yielded less 
gum over a period of years. The opti- 
mum depth was found to be about one- 
half inch into the wood, and the best 
chipping height was between three- 
eighths and one-half inch. In this way 
the trees could be worked for a much 
longer period of time and were subject 
to less wind breakage, while yielding 
sufficient quantities of gum. 

Another uneconomical practice, car- 
ried over from the early days of abun- 
dant and large virgin timber, was the 
use of more than one face on small trees. 
Research results showed that when more 
than one face was put on trees under 
about 12 inches d.b.h., the yields per 
face were not sufficient over a period of 
time to allow any profit. The chipper 
was paid on the basis of the number of 
faces chipped, and when gum yields were 
low because of too many cups per tree, 
the vield from these ‘‘overcupped’’ trees 
was too low to pay for the cost of chip- 


concept, 


trees 


ping and dipping. 

Chipping frequency is important in 
obtaining maximum gum yields. When 
a streak is freshly cut, the gum starts to 
flow almost immediately. The rate of 
eum flow maximum the first 
day, and continues at this rate for two or 
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three days before a decline takes place. 
This is aside from diurnal fluctuations, 
where the gum-flow rate starts to in- 
crease in the early morning, reaches a 
peak about 9 a.m., slows up to a lower 
rate by evening and is low overnight. 
After about seven days the rate of flow 
is very low, and a fresh streak is then 
cut. Usually the trees are apportioned 
among the workers at the beginning of 
the season, and they are expected to chip 
these trees once a week from March into 
November. Some operators chip their 
trees at irregular intervals during the 
winter on an average monthly schedule. 

Relatively recent studies have indi. 
cated that a saving of as much as 30% 
in the first year’s gum yield can be at- 
tained by careful methods of installing 
cups and inserting the metal gutters 
which are used to direct the flow of gum. 
Many trees on commercial operations are 
blazed through the bark and wood for 
setting cups. and are deeply incised with 
a broadax for the insertion of gutters 
and ‘‘aprons’’. Such treatment renders 
the trees more susceptible to wind-throw 
and interferes with normal conduction 
of water, nutrients and gum. It is good 
practice not to let any gutter incisions 
exceed the depth to be chipped during 
the course of the naval stores season. 
This applies to both the old established 
practice of ‘‘deep chipping’’ (about one- 
half inch deep) and the newer tech- 
niques of ‘‘bark-depth’’ chipping where 
chemical stimulants are used. 


Modern Advances in Gum Extraction 

Intensive research efforts were started 
shortly after the beginning of Worid 
War II. The cooperative effort in three 
main types of studies resulted in finding 
methods to inerease both gum produec- 
tion and the efficiency of woods work. 
Fundamental studies were made in the 
physiology and anatomy of factors af- 
fecting the flow of oleoresin. Findings 
of possible practical application from 
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these studies were next tested in care- 
fully controlled field experiments where 
the yields from calibrated trees were 
individually measured at frequent in- 
tervals. The most promising treatments 
were then tested in pilot-plant studies 
where selected stands of trees were sub- 
jected to these treatments, provided with 
standard controls, and the work done by 
actual turpentine operators on their own 
land under existing commercial condi- 
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tions. In this way new practical tur- 
pentining methods were found, tested 
and tentatively proved in a relatively 
short time. 

Chemical Stimulation. Delimiting 
the best techniques for prolonging gum 
flow by application of chemicals to the 
fresh wounds has been one of the major 
recent contributions of research to the 
future well-being of the naval stores in- 
dustry. The development of chemical 
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Fig. 6. Punch-wound system for preliminary tests of chemicals that might stimulate the flow 


of oleoresin. 
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stimulation possibilities has been de- 
seribed by Ostrom (8) who mentioned 
the initial use of chemicals to stimulate 
gum flow in the early thirties in Europe, 
and the modest research in this country 
prior to the last World War. 

Initial studies in gum-flow stimula- 
tion, made at the Olustee Experimental 
Forest near Lake City, Florida, indi- 
cated that sulphurie acid, hydrochloric 
and possibly sodium hydroxide would 
stimulate the flow of gum, particularly 
in slash pine (Pinus caribaea Morelet). 
This was the status of our knowledge at 
the start of World War II. The im- 
mediate need for increased gum produc- 
tion led to an expanded research pro- 
gram. First, we needed to know the 
optimum concentration of a_ specific 
chemical that would work on slash pine 
and longleaf pine. It was found, con- 
sidering availability of chemical, cost 
and its effect, that sulphuric acid in 
concentration of 40 to 60% was best for 
slash and longleaf pine, respectively. 
Recent work has shown that a concen- 
tration of 50% may be feasible to use on 
both species. 

In practice about one cubic centimeter 
of the proper strength acid is sprayed 
on a freshly cut streak with the applied 
liquid hitting the wound at the junction 
of bark and wood in the cambium region 
clear across the face. In contrast to 
regular untreated chipping, the rate of 
gum flow increases more sharply in the 
case of acid treatment and continues at 
this accelerated rate for a much longer 
period of time. The rate of gum flow 
slows down markedly with regular un- 
treated chipping after four or five days, 
while with acid the increased rate con- 
tinues with only slight reduction for ten 
days or more and is still appreciable 
even into the third week. 

The action of chemical stimulants in 
accelerating and prolonging gum flow 
is intimately associated with the small 
resin ducts from which the droplets of 


oleoresin exude. 


As described by Os- 
trom (8): ‘‘These ducts extend verti- 


cally in the wood and _ horizontally 
toward the center of the tree in both 
bark and wood. Where the vertical and 
horizontal ducts their cavities 
join, as in the plumbing system of a 
building. All of the ducts are lined 
with thin-walled, brick shaped paren- 
chyma cells which, in the wood, contrast 
sharply with the long, thick-walled wood 
fibers. After treatment with a strong 
acid, the tender cells lining the ducts 
are collapsed near the site of treatment, 
and the duct channels .are correspond- 
ingly enlarged. It is reasonable to sup- 
pose that as a result, the gum can exude 
more rapidly from the ducts, and that 
the enlarged ends of the ducts may be 
less readily closed than normal ducts by 
the hardening of the gum at the outlets. 
‘‘Another effect exerted chiefly by 
strong acids is the destruction of the 
tender new cells in the growing region 
or cambium which les between the wood 
and the bark. Over a period of several 
days the acid works up into this region 
and causes a splitting away of the bark 
from the wood, one-fourth to one-half 
inch above the wound. This process 
probably serves to tap new horizontal 
ducts, several hundred of which cross 
each square inch of the cabmium. The 
solutions applied to the wound may also 
stimulate the process of gum manufac- 
ture in purely chemical ways, but the 
exact nature and relative importance of 
such effects are not yet known’’. 
Prolongation of gum flow with acid 
treatment is very important from the 
standpoint of increased efficiency in tur- 
pentining operations. For instance. 
treatment with sulphuric acid results in 
50 to 100% more gum during the first 
The treated streaks continue to 
gum 


cross, 


week. 
yield above-normal quantities of 
during the second and third week after 
chipping. The gum yield for a two- 
week period is at least equal to the yield 
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from trees chipped twice without treat- 
ment during this time. Thus equal 
gum yields can be obtained with less 
labor. At the same time, when trees 
are chipped only every two weeks, the 
working life of a tree is increased. How- 
ever, the woodland owner also has the 
alternative of chipping and treating at 
biweekly intervals for the normal five- 
year period with expectations of regular 
gum yields, and because of the lower 
total face height he can have more clear 
bole for lumber production. 

Another recent advance in chipping 
technique was the discovery that when 
acid is used, removing only the bark 
down to the wood (bark chipping) will 
result in gum yields comparable to those 
from regular chipping where a half-inch 
strip of wood is cut from the tree. This 
new method requires less exertion, ap- 
peals to laborers and is considerably 
easier to teach to inexperienced men 
than the old style of chipping. Bark 
chipping also leaves the butt of the tree 
in better condition for use as pulpwood, 
poles, ties or lumber. Since no deep 
incision is made into the wood, it is also 
possible that the tree will be maintained 
in a better physiological state for gum 
production when chipped over a period 
of years, 

Fungus Stimulation. Another ap- 
proach to increasing the efficiency of 
gum production in the woods was the 
discovery that the fungus Fusariwm 
lateritium f. pint prolongs the flow of 
gum from infected wounds on several 
pine species (4, 17). When spore sus- 
pensions of this fungus are sprayed on 
freshly chipped faces of slash or long- 
leaf pines, gum continues to flow without 
rechipping or treatment for two to eight 
weeks. This looked like a good practical 
treatment, provided no damage to the 
tree or surrounding stand occurred. 
Studies on possible damage are under 
way. 

There is a catch, however, to the pos- 
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sible practicality of a fungus method to 
prolong gum flow. The period of pro- 
longed gum flow is not so great after 
rechipping and reinoculating as it is 
after the first inoculation. Further 
work is being done to devise possible 
practical methods of putting this fungus 
to work in the turpentine woods. 

Selective Cupping. For many years 
turpentining took precedence over any 
other tree use in many sections. There 
are still many timber owners whose 
primary interest is in turpentining, and 
wood products from their lands are con- 
sidered of secondary importance. How- 
ever, the increased value of the trees for 
such products as pulpwood, sawlogs, 
ties, poles and piling, and ready market 
accessibility have changed the relative 
importance of turpentining. Now the 
income from these other outlets some- 
times is considerably greater than the 
gum value. 

The old diameter-limit system of cup- 
ping, where all trees were tapped down 
to a definite diameter, precluded the 
production of higher value trees for 
lumber production or other uses. The 
turpentine face, or jJumpbutt, was usu- 
ally cut and left in the woods, or com- 
manded only a small price for fire-wood. 
This system limits the useable cubic con- 
tent of wood removed after turpentining 
and also reduces the grade of the re- 
maining stems of the trees. Also, no 
provision is made for leaving a stand of 
high-quality trees properly spaced for 
future growth. An alternative system 
—selective cupping (5)—will result in 
the maintenance of well-stocked stands 
and production of larger, more profit- 
able trees. 

Selective cupping involves marking 
the trees which should come out of the 
stand in the next cut, whether it be a 
thinning, a seed tree cutting or any 
other type of cutting based on the needs 
of the stand. Of the marked trees, 
those large enough are then turpentined 
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before they are cut. Asa rule, the best- 
quality timber trees are left to grow to 
a larger size before they in turn are tur- 
pentined. By this method of selective 
cupping, turpentining is fitted into its 
proper place in good forest management 
aimed at providing the maximum in- 
per acre from gum 
products combined. 


come and wood 


Fig. 7. 


ECONOMIC 


BOTANY 


High-Yielding Naval Stores Pines 


Another approach to better turpen- 
tining methods is through improvement 
of the individual tree (6). As in any 
plant community, there are certain in- 
dividual stand that 
faster, are of better shape, possesss some 
disease resistance, or—in the case of tur- 
pentine trees—produce more gum. Thus 
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Regular chipping one-half inch into the tree and one-half inch high. 
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the same basic approach to any crop im- tion follows the discovery of suitable 
provement program also applies to im- propagation techniques. In this phase 
provements in trees used for both tur- of naval stores research, early results for 
pentining and timber growing. This field use will not be available. How- 
is accomplished through selection and ever, the delay is not so long as may be 
breeding (2). The practical applica- supposed. 
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Fie. 8. Bark chipping, with new acid spray gun hung on the end of a gutter, and a eup 
cover of acid-resistant material to keep chips out of the gum. 
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Selection. Selection among trees in 
the natural forests for controlled breed- 
ing purposes will be quite generally 
practiced in forest research for a long 
time. At present selection among con- 
trolled breeding progeny in most forest- 
tree species is not possible because of 
lack of material. In the naval stores 
belt a start in selection has already been 
made, and a number of individuals have 
been found that yield two to two-and- 
one-half times as much gum as the aver- 
age tree of the same size growing under 
the same conditions (1). Others were 
also found that produce less than half 
the gum yield expected from average 
trees. Careful yield measurements on 
individual trees were necessary to estab- 
lish their relative gum-yielding level. 
Numerous other trees of the same diam- 
eter class were turpentined throughout 
a season along with the suspected high- 
yielders. No single or combined ex- 
ternal tree characteristics, or environ- 
mental factors, were found to set these 
superior trees apart. 

As time and manpower permit, further 
searches for high-yielding. trees, or trees 
with other valuable characteristics such 
as good form or fast growth rate, will be 
undertaken. Aside from this continu- 
ing work, the next step in selection is a 
careful examination of progeny result- 
ing from controlled breeding work. It 
is expected that microchipping tech- 
niques will be developed to differentiate 
between trees of different yielding abili- 
ties while they are still small. 

Breeding. The complement of selec- 
tion is breeding. As pointed out by 
Dorman (1): ‘‘While yield capacity 
may be greatly increased through the 
selection and propagation of the best 
individuals which occur in nature, pro- 
gress in this direction is limited to the 
point beyond which no better trees exist 
in nature, Further increases in yield 
capacity can be made only through con- 
trolled breeding’’. 
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Some of the possible crosses have al- 
ready been made between three tree spe- 
cies—slash (P. caribbaea Morelet), long- 
leaf (P. palustris Mill.) and _ loblolly 
pines (P. Taeda L.)—and many of the 
possible breeding combinations between 
high, average and low-yielding slash 
pine trees. The first progeny of these 
crosses are now growing in field planta- 
tions, and when they attain sufficient 
size they will be tested to determine 
their relative gum-yield levels. The 
next steps would be the establishment 
of nurseries for a source of propagation 
stock, and controlled breeding in the 
second generation. 

Propagation. Practical means of 
propagating select turpentining stock is 
essential to the program of forest-tree 
improvement. Vegetatively propagated 
strains of high yielders would initially 
serve three purposes: first, to establish 
‘‘seed orchards’’ of select strains for 
natural seed production from high yield- 
ers; second, to establish nurseries of 
these select strains for the production 
of cutting stock; and third, to perpetu- 
ate the clone in case of loss of the parent 
tree. 

Most pine species are difficult to prop- 
agate vegetatively, particularly when 
they approach maturity, though meth- 
ods have been found for some species 
ia Cuttings of hard, or southern 
vellow, pines are particularly difficult 
to root. Only after numerous trials 
were some cuttings from older trees 
rooted. It was found that abundant 
sunlight and intermittent water spray 
were especially important, even though 
many known plant hormones and nutri- 
ents were also used. Since the war, 
work has been speeded up on develop- 
ment of vegetative propagation methods 
sufficiently simple and _ effective for 
large-scale use in commercial nurseries. 
Much remains to be done before prac- 
tical methods will be available. 

Turpentine Orchards. In the second- 
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growth stands of today the average few as 15 to as many as 80 trees per 
number of trees per acre being turpen- acre. <A chipper usually handles 1,000 
tined is about 25; the range is from as trees per day, and actual time studies 


tc 





Fic. 9. Newly developed ‘‘ squeeze bottle’’ for applying acid to freshly cut streaks. 
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have shown that about 65° of the chip- feasible, for there are approximately 
pers’ and dippers’ time (11) is spent in 102,000 acres of hand-planted forests in 
walking from tree to tree, often through Florida alone. The walking distance in 
rough ground cover of sawpalmetto and a plantation would be about one-sixth 
gallberry brush. It is reasonable to ex- that now required, which in itself in- 
pect that if the trees were much closer creases the number of trees a chipper 
together, with a minimum of ground could handle. Dipping costs would also 
cover, the chippers would chip more be materially reduced, since the dipper 
trees each day and the dippers could would not have to lug a heavy dip 
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Fig. 10. Selective marking of a timber stand is equivalent to selective cupping for turpen- 
tining. Trees marked with crosses are being cupped and will be removed in the next thinning. 


dip more gum, thus creating a more’ bucket so far from tree to tree. The 
efficient operation. dip wagon could go down the rows of 
It is believed that a high degree of trees and be close to the man with a dip 
efficiency can be attained through the — bucket full of gum. 
establishment of turpentine orchards of Gum yields average about eight 
high-yielding strains of trees (1). With pounds of gum per tree for a season, 
a 12-by-12-foot spacing there would be which amounts to about 200 pounds per 
about 300 trees to the acre. This is in’ acre if 25 trees are worked. If we as- 
sharp contrast to the 25-tree average sume that about 250 out of the 300 trees 
now being worked. And plantations per acre in a plantation attain workable 
are recognized as being economically size at the same time, then the yields 
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Fig. 11. Controlled breeding in the top of a slash pine tree. 


should be about 2,000 pounds of gum per 
acre per year, ten times as much. 
Further, if the plantation consisted of 


a ‘‘pedigreed’’ stock of high-yielding 
strain producing twice the average 
amount of gum per year, the per-acre 








392 ECONOMIC 


yield theoretically would be around two 
tons in contrast to the present 200- 
pound yield per acre per year. 

This picture of the possibilities of tur- 
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pentine orchards of the future appears 
optimistic, since it will be at least 25 
years before this dream could be at- 
tained in practice, but the potentialities 
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Fig. 12. <A rooted cutting of slash pine four years after leaving the propagating bed. 
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are still there. Yields in actual prac- 
tice, though much higher than at pres- 
ent, will probably be lower than the 
quoted figure because optimum spacing 
might be much greater, with fewer trees 
per acre. The details of selection, 
breeding and propagation will have to 
be further perfected and made practical 
before such per acre yields will be 
obtained. 


Equipment and Mechanization 


Mechanization has been the salvation 
of many an industry. Those of an agri- 
cultural nature are no exception. In 
most cases the need for mechanization 
has arisen in industries requiring large 
amounts of hand labor. The naval 
stores industry is still primarily de- 
pendent on hand labor in the woods 
(10). 

Certain aspects of woods work in tur- 
pentine operations lend themselves well 
to being mechanized. Current thought 
emphasizes using mechanical means for 
chipping the tree, dipping the gum and 
transportation of both the gum and labor. 
A common power source on a suitable 
self-propelled vehicle, to combine all 
these operations during one visit, seems 
within the realm of possibility. In this 
way few visits to a tree would have to be 
made, each operation would be much 
more efficient and much less labor would 
be required. 

There are also many other phases of 
woods work, though less spectacular 
than a powered vehicle, where competent 
engineers could work out valuable con- 
tributions to increased efficiency in gum 
extraction. Among these may be in- 
¢luded such things as larger cups, special 
gutter systems, better chipping tools, ef- 
ficient chemical spraying devices, time- 
saving dipping methods, and relatively 
more efficient and cheaper transporta- 
tion facilities. All of these factors are 
being considered in the mechanization 
studies in turpentining currently under 


way by the U. S. Forest Service in ¢o- 
operation with the Engineering and In- 
dustrial Experiment Station of the Uni- 
versity of Florida. 

One difficult hurdle has been over- 
come in the development of an efficient 
spray gun. The use of chemical stimu- 
lants requires an acid-proof and shatter- 
proof acid applicator that can be op- 
erated by one hand. The adoption of 
chemical stimulation has been acceler- 
ated by the perfection of a very simple 
‘*squeeze gun’’ made of flexible plastic 
(12). Progress has also been made on a 
dual-purpose tool incorporating this 
new plastic spray gun in the handle of 
the hack used for chipping. 


Future Possibilities 

The naval stores industry is again at 
another crucial point in its history. <A 
standard barrel of crude gum is now 
selling for about $24.00 at a local point, 
in contrast to an average of about $30.00 
for the 1947 season. This price reduc- 
tion occurred in the face of continuing 
increases in the cost of materials and 
labor during the past year. The indus- 
try’s future program must follow sev- 
eral courses. Woods operations must be 
made much more efficient through adop- 
tion of modern turpentining practices. 
Portions of the woods operations may 
have to be mechanized to reduce costs. 
Land owners must also look to the future 
and integrate turpentining and sound 
forest management. This step will in- 
volve in some instances ‘‘high intensity”’ 
management with improved tree types 
utilized to the fullest extent. Turpen- 
tining can continue to pay dividends 
only if the results of modern research 
are put into practice. 
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Utilization Abstracts 


Rutin. Many years ago a Hungarian 
biochemist, Albert Szent-Gyorgyi, observed 
certain medical benefits obtained by using 
extracts of citrus fruits and red peppers. 
The effective principal was not isolated or 
identified, but was named “vitamin P” by 
Szent-Gyorgyi. Many years later two phy- 
sicians at the Medical School of the Uni- 
versity of Pennsylvania were interested in 
the weakened capillaries associated with 
high blood pressure, a condition that some- 
times results in brain or retinal hemorrhage. 
Capillary fragility was one of the conditions 
alleviated by vitamin P, and certain chemical 
relationships between vitamin P and rutin, 
a compound widely distributed in the plant 
kingdom and known to scientists for more 
than a century, impressed these investigators. 
Rutin was thereupon isolated in usable quan- 
tity from tobacco by chemists at the Eastern 
Regional Research Laboratory, Wyndmoor, 
Pa., a suburb of Philadelphia and was ef- 
fectively used by the physicians in restoring 
weakened capillaries to normal 
Thus a very close similarity if not actual 
identity between vitamin P and rutin was 
established. 


strength. 


With a resultant demand for the drug a 
few pharmaceutical manufacturers began to 
produce the material, but it soon became ap- 
parent that tobacco was too costly as a raw 
material. After testing all potential plant 
sourees for their rutin content, Dr. J. F. 
Couch and his associates at the Regional 
Laboratory found buckwheat to be the most 
suitable for commercial production of the 
drug. One dollar’s worth of it, in terms 
of rutin yield, were found equivalent to $125 
worth of tobacco leaf. 

Of the several known types and species of 
buckwheat has _ been 
50,000 acres of it will 


be needed to meet the demand for rutin. 


buckwheat, Tartary 


found to be the best. 


“At least 15 pharmaceutical companies are 
now producing rutin in quantity, and a still 
larger number are processing rutin into dos- 
age forms, principally tablets, for sale 
through the drug stores on physicians’ pre- 
scriptions. 
prepared in England, France, Holland and 
China and possibly also in Sweden and 
Denmark”. (J. F. 
June-July, 1949). 


In addition, rutin is now being 
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Fiber Flax in Oregon’ 


Russia, Poland and the Baltic countries account for 
about 90% of the world’s production of fiber flax, and 
prior to 1940, 90% of the raw fiber used in the United 


States was imported from Europe. 


Today domestic 


production in the Willamette Valley of Oregon rep- 
resents a $3 million dollar industry. 


DONALD W. 


Introduction 


Linen, the cherished fabric of elegance 
through the ages, is coveted by many, 
but few are acquainted with its raw 
material—fiber flax. 

Fiber flax is one of the oldest plant 
textiles known to man. The ancient 
Egyptians possessed the knowledge of 
weaving fine linen, and the Bible makes 
frequent mention of the use of linen 
among the Hebrews who regarded ‘t as 
symbolic of purity and cleanliness. Flax 
was one of the earliest crops planted 
by the colonists in North America, and 
it continued to be one of the leading 
fiber crops until the invention of the 
cotton gin in 1793 which cheapened the 
processing of cotton to such an extent 
that cotton superseded flax as a source 
of fiber in the United States. Linen, 
however, never lost its appeal to the 
American housewife. Even today im- 
ported manufactured linen goods repre- 
sent a value of over 35 million dollars 

1 Published as Technical Paper No. 561 with 
the approval of the Director of the Oregon 
Agricultural Experiment Station, Contribution 
of the Department of Farm Crops. Photos by 
Leonard Delano Studio. 

2 Agent in the Division of Cotton and Other 


Fiber Crops and Diseases, BPISAE, U. 8. De- 
partment of Agriculture. Fiber flax investi- 
gations are carried on under a_ cooperative 


agreement between the Bureau of Plant Indus- 


try, Soils, and Agricultural Engineering, U. S. 
Department of Agriculture and the Oregon 


Agricultural Station, Corvallis, 


Oregon. 
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annually, and during the years just 
prior to World War II the annual im- 
ports of raw flax into the United States 
ranged from 1,300 to 6,500 tons. 

There are two types of flax. One, 
known as ‘‘seed flax,’’ is grown prima- 
rily for its oil-bearing seed and produces 
as a by-product a harsh brittle fiber not 
suitable for economical spinning. This 
type is short growing and produces 
many branches which are conducive to 
high seed yield. The other type, fiber 
flax, is grown primarily for its long spin- 
nable fiber but produces seed as an im- 
portant by-product. The fiber varieties 
are taller growing than the seed-type 
varieties and produce small branches 
near the top of the plant. This article 
deals with the production and processing 
of fiber flax in Oregon. 


History 

The production of fiber flax in Oregon 
is over a century old. In 1844 Mr. J. B. 
Kirkwood raised flax near Tualatin, Ore- 
gon. The seed for this planting had 
been earried across the plains during the 
early period of settlement of the Oregon 
country. In 1876 flax fiber produced 
in Oregon and exhibited at the Philadel- 
phia Exposition won the Bronze medal 
and Certificate of Merit for its outstand 
ing quality. Oregon fiber was then rec- 
ognized for the first time as being of 


superior quality. Subsequent to this 
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recognition, many attempts were made 
to establish the flax industry in Oregon, 
but little progress was made. 

Agricultural and climatic limitations 
were not the reasons for the slow devel- 
opment of the Oregon industry; it was 
due rather to inadequate leadership and 
to the difficulty of raising capital for 
building processing facilities. 

The people of Oregon are indebted to 
their State legislature for actually pro- 
viding impulse to the industry. In 1915 
this body appropriated $50,000 for the 
establishment of a flax-processing plant 
at the State penitentiary. The main 
purpose of the appropriation was to en- 
courage, foster and support the Oregon 
flax industry and also to provide labor 
for the inmates which would be of a 
non-competitive nature. Leaders of Ore- 
gon agriculture encouraged the legisla- 
ture to make this initial appropriation, 
hoping that it would serve as a stimu- 
lant for the building of a new industry. 
Today it is recognized that this original 
appropriation served as a nucleus from 
which the industry has grown. The 
penitentiary plant is still in operation, 
furnishing employment for the inmates 
and at the same time providing farmers 
in the surrounding areas with a suitable 
market for their flax. Because of the 
bulkiness of flax plants it is not eco- 
nomically feasible to transport tonnages 
over great distances. It was apparent, 
therefore, that the penitentiary plant 
could serve as a market only to small 
nearby areas. Many feared that legal 
barriers might prohibit the sale of fiber 
which had been partly processed with 
prison labor and thus destroy a poten- 
tially great industry before private capi- 
tal became interested. 

In 1936, through the assistance of the 
Works Progress Administration, and un- 
der the sponsorship of the State of Ore- 
gon, three flax-processing mills were con- 
structed in the Willamette Valley. The 
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mill operators found a ready demand for 
their fiber. 

Approximately 90 per cent of the raw 
flax fiber used in the United States had 
been imported from European countries 
prior to 1940. During that year the 
German war machine rolled 
France and the Low Countries, and the 
Allies no longer had access to these im- 
portant raw fiber supplies. Excluding 
tussia, the Axis Powers then controlled 
99 per cent of the world’s flax-growing 
This conquest gave the small Ore- 


across 


areas. 
gon industry a chance to expand and to 
demonstrate again that fiber of the high- 
est quality could be produced in that 
State. 

In 1940 and 1941 four additional mills 
were built with private capital. In 1942 
the strategic importance of flax in the 
war effort was fully realized. Fortu- 
nately the State of Oregon had laid the 
foundation on which the industry could 
grow. The United States needed a 
strong, non-elastic, rot-resistant fiber for 
parachute webbing and shoe thread. 
Linen fire hose which would not deteri- 
orate under adverse conditions was in 
demand. The fishing industry, an es- 
sential part of our economic life, re- 
quired strong and durable nets that 
would not stretch under heavy loads. 
The Oregon flax growers and processors 
responded by producing a fiber for these 
specialty articles that stood the most 
exacting tests. 

Aware of the acute fiber shortage, our 
vovernment encouraged the production 
of flax in Peru and other countries in 
the early years of World War II and 
urged still greater production in Ore- 
gon. In 1942 four modern flax-process- 
ing mills were constructed, and finally 
in 1943, through the financial assistance 
of the Defense Plant Corporation, two 
additional mills were built. All proc- 
essing mills are located in the Willa- 
mette Valley and represent an industry 
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which is now valued at $3,000,000. At 
1948 prices a cash outlay of approxi- 
mately $225,000 is required to construct 
and equip a flax mill capable of han- 
dling 2,000 tons of flax straw annually. 

Oregon produces 98 per cent of the 
total fiber flax grown in the United 
States, which is a very small part of the 
total world output. Russia, Poland and 
the Baltic countries account for 85 to 
90 per cent of the world’s production. 
Contrary to belief, Ireland 
grows and processes only a small part 
of the fiber used in the material manu- 
factured there, being dependent on con- 
tinental Europe for 90 per cent of her 
Oregon and 


common 


raw fiber consumption. 
Washington have every necessary nat- 
ural facility for raising the crop, and 
there are over 500,000 acres suitable for 
flax production in Oregon alone. 


Growing Flax 

The growing and processing of fiber 
flax entail several operations which are 
fundamentally the same today as they 
were 5,000 years ago. It is commonly 
thought among Europeans that the abil- 
ity to produce and process flax is heredi- 
tary. Certainly heredity played no part 
in the development and expansion of 
the Oregon industry during the past 
decade. Fortunately agronomic experi- 
ments had been conducted at the Oregon 
Agricultural Experiment Station for 
many years previous to the industry’s 
war-time expansion. Consequently Ore- 
gon farmers, who are good cooperators 
with the State Extension Service, soon 
learned of the more important phases of 
flax production. They are careful to 
plant their flax early in March and not 
later than mid-April. During this 
period Oregon experiences a cool moist 
climate which is most beneficial for both 
quality and quantity production of fiber 
flax. If planted later during the dry 
warm season, the flax is usually stunted, 


and often a harsh fiber of poor spinning 
quality results. 

The producer strives to select a fertile 
well-drained soil which is free of noxious 
weeds. Weeds are especially undesir- 
able because they are difficult to remove 
from the fiber. Through the advance 
of control by selective sprays the farmer 
is now able to destroy many of the here- 
tofore troublesome weeds and at the 
same time to avoid injury to the tender 
flax plant. Spraying, if necessary, takes 
place when the flax is three to four 
inches tall. When the spray is applied 
properly, the weeds which are more sus- 
ceptible to the chemicals die and the 
more resistant flax plants continue to 
live. The crop usually reaches its maxi- 
mum growth about June 15, at which 
time the pretty blue and white flowers 
appear. The plant often reaches a height 
of 40 inches. Yields vary from one to 
four tons of cured unthreshed flax per 
acre. Each flower accounts for one boll 
which may contain as many as ten small 
brown seeds. When about half the seeds 
are ripe the grower is aware that it is 
time to harvest. Harvesting normally 
occurs about July 15. 


Harvesting 

The crop is harvested by an especially 
designed machine which pulls the entire 
plant up by the roots. The reason for 
pulling and not cutting is to harvest all 
the fiber which extends through the stem 
into the root. Long fibers are most de- 
sirable in the spinning operation. The 
pullers are equipped with binding at- 
tachments which tie the flax plants into 
bundles of suitable size. Flax-pulling 
machines were first introduced into for- 
eign countries, but the ingenuity of the 
American engineer has resulted in new 
developments and designs which have 
simplified flax harvesting and which 
have entirely eliminated the laborious 
hand pulling operation in Oregon. In 





J 
a 


Fig. 1 (Upper). Drying flax straw by stacking each harvested bundle separately in wig- 
wan fashion. 
Fic. 2 (Lower). Machine pulling and binding of flax in the Willamette Valley, Oregon. 
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many flax-growing areas in Europe, rain 
at harvest time often damages the crop. 
Oregon, however, is usually fortunate 
in having favorable weather during this 
period. 

Klax must be harvested at the proper 
time in order to obtain a strong fiber. 
Harvesting when overripe results in an 
inferior product. After pulling, the 
bundles are placed in shocks to cure and 
dry. The farmer then loads the bun- 
dles and delivers them to the processing 
mill. Hauling large loads enables him 
to minimize the cost per ton, but he is 
looking forward to the time when less 
hand labor will be required for this la- 
borious operation. After unloading the 
bundles in one of the large storage sheds 
at the processing mill, the farmer’s work 
with the crop is finished. The responsi- 
bility of converting the flax into spin- 
nable fiber rests with the mill operator. 


Processing 

Deseeding. The first phase in the 
processing of flax at the mill is deseed- 
ing. Because of the rapidity with which 
the flax is delivered to the mill, it is 
necessary to store most of it before de- 
seeding. Especially built machines re- 
move the seeds without tangling or 
damaging the stems. The bands of the 
bundles are cut and spread so that a 
thin layer of plants is passed through 
the deseeding machine. Common types 
have a revolving comb that removes the 
seed bolls without breaking the stems. 
The seed is then separated from the bolls 
by a stationary cleaner. When the seed 
and bolls have been removed the stems 
are left in a straight untangled condi- 
tion and are re-tied into bundles and 
held by two separate bands to prevent 
tangling and to facilitate handling in 
the next operation—retting. 

Retting. Retting means ‘‘rotting.”’ 
Two layers of deseeded flax bundles are 
placed in an upright position in large 


IN OREGON 399 


concrete vats.. After the vat has been 
filled with straw a timber grid is locked 
over the bundles to prevent them from 
floating when the water enters the tank. 
Ordinary water without addition of 
chemicals is suitable for retting. The 
water is heated by steam to a tempera- 
ture of 85 to 90 degrees Fahrenheit, 
which is optimum for the growth of ret- 
ting organisms, and this temperature is 
maintained throughout the ret. Bace- 
teria which are naturally present on the 
straw cause the encrusting substances 
to deteriorate, thereby loosening and 
separating the individaual fiber bundles 
from the inner woody portion of the 
straw. Retting is merely another ex- 
ample of the decomposition of vegetable 
organic matter by micro-organisms. The 
retting period usually lasts from four 
to eight days, depending on the type of 
straw and the temperature maintained. 
The straw is examined periodically while 
the ret is in progress to determine the 
exact time to drain the retting liquor 
and stop the retting action. If the 
straw remains in the water for too long 
a period it becomes over-retted. This 
means that the fiber bundles may break 
down into ultimate fiber cells and the 
commercial strands of fiber cells will be 
weakened. When this happens, strength, 
one of the finest qualities of linen, is 
destroyed. On the other hand, if the 
ret is stopped prematurely, it will be 
difficult to remove the inner woody core 
of the stems from the fiber because of 
the adhesive nature of the remaining 
incrustant materials. Stopping the ret 
at the proper time is very important and 
requires both skill and experience. The 
person in charge of retting can usually 
determine the so-called end point of the 
ret by making physical examination of 
the straw to note the ease with which 
the fiber slips off the woody core, and 
by closely observing the appearance of 
the individual fibers as they separate. 
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Fic. 3 (Upper). Finished flax fiber (left) and incoming flax. 


Fig. 4 (Lower). Delivering dry flax straw to a processing mill. 
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When the ret is judged completed, the 
retting liquor is drained and fresh cold 
water is allowed to enter the tank to 
rinse impurities from the straw and to 
stop the retting action. The rinse water 
is then drained and the bundles allowed 


Fig. 5. 
straw by bacterial action. 


FLAX 
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vorable for drying only during the sum- 
mer months, which is the reason why 
the retting is during this period. 
When the straw has been thoroughly 
dried, it is re-tied and placed in storage 
until winter, when it is seutched. There 


Retting tanks, in which the flax fiber is separated from the other tissues of the 
This process must be carefully controlled, and the man pictured is 
testing the straw by breaking it to determine whether the ‘‘end point’’ 


has been reached, that 


is, the point where the surrounding tissues have rotted sufficiently to permit other processing 
in the mill but where the fibers themselves have not yet been attacked. 


to dry for a period of ten or twelve hours 
in order to facilitate the handling of the 
wet straw. 


The wet soggy bundles as 


removed from the tanks are loaded on 


trucks or wagons and moved to a dry- 
ing field where they are individually 


faster 
The climate in Oregon is fa- 


set up in wigwam fashion for 


drying. 


has been very little artificial drying of 
flax straw in The practical 
experienced flax man believes it is pos- 
sible to dry artificially and not destroy 
any of the inherent good qualities of the 
fiber. Natural drying is the method 
commonly practiced in 
hand labor 


Oregon. 


Hurope where 
is more abundant than in 





Fic. 6 (Upper). Deseeding, the first operation at the processing mill, before retting. 
Fig. 7 (Lower). Seutching, the third operation, by which the woody material of the straw 


is broken away from the fibers. This operation is facilitated by the previous retting. 
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the United States. Artificial drying, 
where practiced in Europe, eliminates 
the seasonal operation of flax processing 
by permitting the retting operation to 
continue throughout the year. This may 
mean lower production costs and it does 
result in a more rapid turnover of the 
capital invested. Persons interested in 
the flax industry are looking forward 
to the development and commercial 
adaptation of a successful artificial 
drier. 

Scutching. This operation, which is 
the process by which the woody material 
of the straw is broken away from the 
fibers, is usually carried on in Oregon 
during the rainy winter months. Dur- 
ing this period the straw has a higher 
moisture content, which adds flexibility 
to the fiber so that there is less breakage 
and loss of long fibers in seutching. In 
the scutching operation, the bundles of 
stems are opened and spread into a 
‘‘rug’’ or ‘‘mat’’ which feeds into a 
gripping device. This device holds the 
straw securely while it passes through 
a series of fluted rollers which break 
the woody core into small sections called 
‘*shives.’’ The broken flax, while held 
in the same gripping device, passes 
through a long drum containing rotat- 
ing blades which scrape and beat the 
shives out from the fiber. Workmen col- 
lect the fiber, now known as ‘‘line fiber’’, 
as it reaches the discharge end of the 
machine into small bundles known as 
*‘hanks’’. The shives are blown into a 
storage room where they are kept until 
the next retting season when they are 
used as fuel to heat the retting water. 
Short broken lengths of fiber or tangled 
fibers which may have been pulled from 
the gripping device by the action of 
the beaters are called ‘‘tow’’. It is col- 
lected at the bottom of the scutcher and 
fed directly into a tow-cleaning unit 
which removes adhering shives and other 


foreign material. Oregon line fiber is 
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suitable for use in manufacturing linens, 
high-grade yarns and cordage. Tow is 
used in less expensive linens and _ in 
lower-grade yarns. It is also used in 
the manufacture of ‘‘flax’’ rugs. 
Hackling. The last operation at the 
processing mill is hand hackling. This 
consists of pulling the hanks of line fiber 
over a set of sharp steel pins in order to 
remove any remaining foreign material, 





Fie. 8. Line fiber as it comes from the 
seutching machine. 
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short lengths of fiber, and to remove any 
entanglements. It partly subdivides the 
fiber strands, but fine hackling is per- 
formed in a spinning mill. The hand 
hackling results in a more uniform and 
attractive appearing commodity. The 
short fiber lengths removed in hackling 
are called ‘‘pullings’’ in Oregon. The 
long line fiber is graded and then neatly 
baled for shipping to the spinner. Since 
there are only two flax-line spinning 
mills in Oregon, it is necessary to ship 
most of the fiber to Eastern mills. The 
following table gives the approximate 
percentage yield of various flax prod- 
ucts, based on the pulled, cured, un- 
threshed flax delivered by farmers: 


Product Percentage 
Dressed scutched fiber 7.0 
Pullings fiber 5 
Tow fiber 5.0 
Seed 17.0 
Chaff—bolls 15.5 
Shives 41.0 
Retting loss 14.0 

Total 100.0 


Economics 


The Oregon fiber flax industry ex- 
panded during the last war and is now 
forced to compete with foreign produc- 
During the Nazi occupation, a 
large amount of fiber was hoarded in 
western Europe, some of which was later 
sold in the United States to obtain much 
needed American dollars. 
of this large stockpile of European fiber 
had an adverse effect on the price of 
Oregon fiber immediately following the 
war. The increasing cost of processing 
coupled with foreign competition has 
forced three of the Oregon processing 


ers. 


The release 


mills out of business and three others 
to close temporarily. 

“The adverse effects of the sudden sale 
of surplus European flax fiber at the 
close of the war were alleviated to some 
extent by a federal price support pro- 
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gram for all fiber flax produced in Ore- 
gon prior to 1947. The purpose of this 
assistance was to help the processors 
become adjusted to peace time produc- 
tion. Additional federal support has 
been sought in order to allow the indus- 
try time to further adjust itself to for- 
eign competition. 

The remaining seven mills are deter- 
mined to continue operating if at all 
possible. They propose to do this by 
improving the quality of their fiber and 
by further mechanizing their operations. 
They are cognizant of the fact that many 
American industries would not be in 
existence today if obsolete hand process- 
ing methods had not been eliminated. 
The flax appre- 
ciative of the research program con- 
ducted in Oregon by the United States 
Department of Agriculture in cooperae- 
tion with the Oregon Agricultural Ex- 
periment Station. A new and superior 
fiber variety named ‘‘Caseade’’,  re- 
leased in 1945 by the Department of 


Oregon processor is 


Agriculture, has given most encour- 
aging results at home and_ abroad. 


Research in the mechanization of proc- 
essing initiated in 1938 at the Oregon 
State Agricultural Experiment Station 
has aided the industry in reducing proc- 
essing costs. It is not unreasonable to 
expect the development of more efficient 
labor-saving machines that will benefit 
the infant industry. Hand-labor opera- 
tions are so numerous in the flax indus- 
try that it might properly be termed ‘‘a 
research engineer’s paradise’ 

The Oregon flax producer is hopeful 
that a spinning and weaving mill will 
be established on the West Coast which 
would consume a larger part of his pro- 
duction. 

Progress in the establishment of 
erades for Oregon flax fiber is being 
made, and it may soon be possible for 
spinners to buy fiber by grades denoting 
ereater use value. This is of major im- 
portance in the development of better 
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markets. The sale of Oregon fiber has and no significance was attached to fiber 
always been handicapped by an inade- strength, fineness and spinning proper- 
quate grading system established when ties. Spinners recognize Oregon fiber 
the industry was very young. The grad- for its inherent qualities but dislike the 


ing method placed emphasis on length, Oregon grading system, since they are 





Fig. 9. Hand-hackling, the last operation at the processing mill, by which hanks of line fiber 
and 


are pulled over sets of sharp steel pins in order to remove any 


lengths of fiber, and to straighten the fibers. 


foreign 


material 


short 
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compelled to sort the fiber within the 
various lengths in order to obtain the 
particular types suited to their needs. 
Often they have had to resell types for 
which they had no use. During the war 
when the demand for fiber was so great, 
a seller’s market existed and efforts to 
establish grade standards for Oregon. 
fiber were of little interest. The indus- 
try is now feeling the bad effects of the 
poor standards created during the war. 

Since fiber flax is a non-surplus crop 
it is particularly valuable to Oregon 
farmers and fits well into the rotation 
of their agricultural program. 


Utilization 


Carob. The carob (Ceratonia Siliqua) 
is an evergreen tree native to the eastern 
shores of the Mediterranean where for cen- 
turies its pods have been an important form 
of animal feed. Sicily, Cyprus, Malta, 
Crete, the southern half of Sardinia and the 
Adriatic coast of Italy in the vicinity of 
Bari have been the chief producing regions, 
and from 1901 through 1930 an annual av- 
erage of nearly 44,500 tons, valued at about 
$920,000 were exported from the Island of 
Cyprus alone. In 1854 this species was in- 
troduced into the United States by the U. 8. 
Patent Office, and in 1859 some 8,000 plants 
were distributed. For many years the carob 
has been in very common use as an evergreen 
shade tree bordering streets and boulevards 
in all California towns where frost is not too 
severe, and many fine specimens are to be 
seen. 

The planting of this tree on semi-arid 
areas in the West, as a means of erosion 
control and land reclamation, especially 
where irrigation for other crops is impracti- 
eal, is now being urged by Dr. Walter Rit- 
tenhouse of San Diego, California, who has 
provided funds for a small demonstration 
carob orchard to be managed in cooperation 
with the University of California and the 
Soil Conservation Service. 

While any commercial plantings of carob 
in California should be based on soil con- 
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Each processing mill has an annual 
payroll of approximately $80,000 which 
benefits the farming communities in 
which they are located. Many people 
feel that this genuine rural industry 
should be preserved, not only because 
it is important to our national economy 
but also because it might again be use- 
ful in the event of another emergency. 

Possessing a background of ‘‘know 
how’’ and with the greatest confidence 
in progress through research, the Ore- 
gon flax processors are determined to 
supply an elite fiber for the manufac- 
ture of domestic linen products. 


Abstracts 


servation and domestic animal food, there 
are many other uses which, if properly pro- 
moted, may result in additional and perhaps 
substantial values. Various food products 
have been manufactured on a small scale in 
California from imported carob pods, inelud- 
ing carob flour, carob syrup and a break- 
fast food. In addition, the seeds can be 
developed as a source of manogalactan gum 
which is now being manufactured in Europe 
from Mediterranean grown seeds and used 
in ice cream, salad dressings, pie fillings, 
French dressings, cosmeties, pharmaceuti- 
cals, detergents, matches, water emulsion 
paints, inks, shoe polish, insecticides and 
mucilage. (J. E. Coit, Carob Culture in the 
Semi-arid Southwest. 15 pp. Rittenhouse, 
San Diego, 1949.) ° 

Papaya. 
tive of the papaya (C. papaya), differs from 
the latter in producing a fruit that is inedible 
when fresh but which resembles’ stewed 
peaches or apricots when cooked with sugar 
and a little lemon or lime. In Peru, where 
it is native, it is known as “col de montana” 
and as “papayeta”, and its leaves are highly 
prized as a vegetable but used in this ea- 
pacity apparently only very locally. It has 
been recommended as a promising new fruit 
and vegetable for the United States Corn 
Belt. (C. F. Swingle, Proc. Am. Soc. Hort. 
Sci. 49: 137. 1947.) 


Carica monoica, a elose rela- 
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The Essential Oil of Pectis Papposa 


This oil, produced by a heavily scented herbaceous 
plant of the American Southwest and northern 
Mexico, is rich in cumaldehyde and carvone, and is 
therefore a potential commercial source of these fra- 
grant aldehydes, now obtained from cumin, caraway 


and dill seed oils and used in flavoring food and bever- 


ages. 


C. E. BRADLEY and A. J. 


HAAGEN-SMIT 


California Institute of Technology 


General Characteristics of the Plant 

The genus Pectis was founded in 1758 
by Linnaeus to embrace two West Indies 
species (3). Approximately 50 species 
of the genus are native to North Amer- 
ica, twelve of them common to the south- 
western States. They are, in general, 
rather low branching, mostly heavily 
scented herbs, distributed from New 
Mexico to Sonora at altitudes varying 
from sea level to 4,000 feet in a range 
similar to that of Larrea tridentata, the 
creosote bush. 

Pectis papposa Gray, commonly 
known as chinchweed, is an attractive 
plant up to ten inches in height with 
bright yellow flowers and dark green 
foliage. When crushed the leaves give 
off a pleasant fragrance, and where 
growth is extensive its perfume is no- 
ticeable for considerable distances. Be- 
cause of this pronounced fragrance the 
species papposa and angustifolia were 
used by the Indians of the Southwest 
for flavoring their foods and by the 
Indian women as a perfume. They also 
obtained dye from the plant. 

The oil glands of P. papposa are lo- 
cated at the margin of the leaves and 
can be readily seen with the naked eye. 
When the gland walls are broken the 
leaf assumes a serrated effect on the 
margin, hence the name Pectis (Greek to 


comb). It is interesting to note that as 
soon as the two cotyledons appear on 
germination of the seed, they are 
equipped with these tiny oil glands. 

Seed is produced very abundantly in 
the form of pointed rods approximately 
5.0 mm in length by 0.5 mm in width. 
On maturing the plant deposits a car- 
pet of seed on the ground ready to ger- 
minate when sufficient moisture is 
present and minimum night tempera- 
tures are around 70 degrees F._ It 
flourishes with maximum temperatures 
as high as 120 degrees F., maturing un- 
der favorable conditions in four to six 
weeks. 

The fresh seed has low germinating 
power but after storage for a few months 
germinates very well. Our experiments 
indicate that the oil secreted by the 
plant has an inhibiting effect on germin- 
ation. 

Pectis papposa is equipped with a 
strong tap root and laterals for utiliz- 
ing any moisture available in times of 
stress. In common with most desert 
plants, its mineral content is high, the 
ash running around 10% of the dried 
plant. 

The essential oil content of two spe- 
cies of Pectjs have been reported in re- 
cent literature. Fresh plants of P. 
Texana (1) yielded 0.72% oil, 48% of 
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which was thymol. 
P. elongata (2) gave 0.216% of oil 
which was 60% citral. As will be noted, 
the three species, Texana, elongata and 
papposa, yield oils of widely different 
compositions. 


Experimental 


Collection and Distillation. The 
plants of Pectis papposa from which 
the oil for this study was obtained were 
collected in Coachella Valley, California, 
and South Gila Valley, Arizona. Fields 
of raw desert sand which had been wet- 
ted by rain or irrigated supplied an 
excellent crop of the plant, quarter 
acre patches yielding at the rate of ap- 
proximately three tons per acre green 
weight. Several collections were made 
over a period of two years, totaling 
about 300 pounds of green plant. The 
date, location and yield of oil of the 
various samples are shown in Table I. 

It will be noted that the percentage 
of oil in samples I and II is consider- 
ably higher than that of V and VI, 
though the moisture content and con- 
ditions of growth are similar. This is 
due to the different methods employed 
in handling the plants preparatory to 


distillation. Numbers I and II were dis- 
tilled in the field immediately after 
collection, approximating commercial 


methods and avoiding loss of oil by 
volatilization during transportation to 


the still. Samples V and VI were trans- 


Similar plants of 
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ported in bags by car about 150 miles 
when temperatures in some cases were 
around 100 degrees F. and with dis- 
tillation necessarily delayed. Sample 
[V was collected when the plants had 
been mature for some time and had lost 
a portion of their leaves. It 
ously not a normal 
characterized by a low yield ef oil with 
a sharper odor in contrast with the oil 
from other collections. 

A ten-gallon tin-lined still with steam 
inlet under a false bottom and con- 
nected with a glass condenser was used 
for recovering the oil from the plant. 
In a current of live steam, around two 
hours were required to exhaust a ten- 
to twelve-pound sample. The lush 
plants yielded a pale yellow oil. That 
from over-mature material was a little 
darker. The oil tends to darken on ex- 
posure to light and was therefore stored 
in a dark cool place previous to frac- 
tionation. 

Fractionation. The results obtained 
by fractionating the oils from samples 
I, If, 111, V and VI and the constants 
obtained on analysis of these fractions 
are recorded in Table II. 


is obvi- 
sample and was 


These are 


averages of results from individual 
fractionations of the different collec- 


tions, the constants of the correspond- 
ing fractions not showing much varia- 
tion. A Cenco high vacuum pump was 
used for the high boiling fractions. 
Terpenes. Fraction I, Table II, has 


TABLE I 


O 

Sample number I II II] IV V VI 
Date collected June June October Dee. July Aug. 

1947 1947 1947 1947 1948 1948 
Location S. Gila Coachella Coachella Coachella Coachella Coachella 

Arizona ' 
Moisture % 68. 75. 60. 20, v2. 74. 
Oil % by wt. 0.60 0.44 0.45 0.40 0.35 0.35 R 
green plant 

Oil % by wt. 1.87 1.76 1.12 0.50 0.90 1.00 


dry plant 





OIL OF PECTIS PAPPOSA 


a characteristic terpene odor, and its 
constants closely approach those of beta 
pinene. The optical rotation, however, 
is dextro, while that of beta pinene is 
ordinarily laevo. There are, however, a 
few exceptions to this rule (6). 

A portion of fraction I was purified 
with Girard reagent (9), dried over 
metallic sodium and distilled at atmos- 
phere. This purified terpene had an 
optical rotation of minus 6.9°, showing 
that impurities were responsible for the 
positive rotation. On redistillation, a 
small amount, about 2% of the purified 
terpene, came over at 156° C, indicat- 
ing presence of alpha pinene. Approxi- 
mately 50°. of the terpene distilled at 
168°-169° CC, and the remainder at 
171°-172° ©. The odor of these frac- 
tions was characteristic of beta pinene. 
The 168°- 
169° C b.p. fraction were as follows: 
density 0.863, refractive index 1.4720, 


physical constants of the 


specific rotation —6.7 

A portion of the terpene was oxi- 
dized with alkaline potassium perman- 
ganate (8), the sodium salt obtained 
acidified with dilute HCl and the solu- 


TABLE 
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tion extracted with ether. On drying 
the ether solution, characteristic long 
nopinie acid 
These 


needle-shape crystals of 
were obtained, m.p. 126°—127° C. 
did not depress the m.p. of pure no- 
pinie acid, and the presence of beta 
pinene was thus established in the Pectis 
oil. 

Carene. The constants of /A* carene 
lie close to those of beta pinene. The 
nitrosate test made on a portion of the 
purified terpene gave negative results, 
however, indicating absence of /\* ¢a- 
rene. 

Benzaldehyde. Qualitative tests on 
the terpene fraction I showed that an 
alcohol solution of 2—4 dinitrophenylhy- 


drazine gave a_ yellowish crystalline 
precipitate. The recrystallized precipi- 
tate had a m.p. of 235°-236° C. In 


order to identify the unknown material 
in this fraction, the water phase of the 
Girard reagent obtained in the purifi- 
cation of the terpene was acidified with 
HCl, extracted with ether, the ether 
washed with Na.CO,, water, and dis- 
tilled under diminished pressure. A 


brownish oily residue was obtained 


Il 


PHYSICAL CONSTANTS AND CHARACTERISTICS OF PEcTIS OIL AND ITS FRACTIONS 


Den- eens 
Frae- : sity ~~ 
. Grams Color Odor or tion 
tion 20 Or 
d 4 20 
Np 
Original 
Oil 100.0 pale cumald. 0.930 1.4992 
yellow 
I 31.0 clear terp. 0.864 1.4748 
II 30.0 pale eumald. 0.972 1.5167 
yellow 
Ii 28.5 yellow cumald. 0.973 1.5187 
4 2.5 reddish sharp 0.970 1.5190 
eumald, 
Residue 8.0 red aro- 
matic 
Total 100.0 


Distillation ‘SPe- 
range cifie 
rota- C H Active 
tion % % H 
b.p. press 25 
deg. C mm. [?] = 
+ 16.3 
68°-71° 20. +8.5 86.25 11.30 0.0 
65°-70° 0.1 +12.0 80.50 8.88 0.0 
72°-77° 0.1 +11.7 80.31 9.55 0.0 
88°-100 0.1 80.77 10.07 
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which had the characteristic odor of 
benzaldehyde. The m.p. of benzalde- 
hyde 2-4 dinitrophenylhydrazone is 
235°-237° C, agreeing with that of the 
hydrazone obtained from the terpene 
fraction I. This hydrazone did not de- 
press the m.p. of the benzaldehyde 2-4 
dinitrophenylhydrazone but did depress 
the m.p. of the corresponding cumalde- 
hyde compound quite markedly. These 
tests indicate that benzaldehyde is pres- 
ent in Pectis oil to approximately 1%. 


Cumaldehyde. The odor of the orig- 
inal oil and of fractions II and III, 


Table II, is characteristic of cumalde- 
hyde. The other physical properties of 
these fractions, however, do not corre- 
spond to those for pure cumaldehyde, 
the density and refractive index being 
lower and the optical rotation plus 12 
degrees, while cumaldehyde is inactive. 
Furthermore, the 2-4 dinitrophenylhy- 
drazones of these fractions depress the 
m.p. of pure cumaldehyde 2-4 dinitro- 
phenylhydrazone. 

A saturated water solution of sodium 
bisulfite, NaHSO,, gives a heavy pre- 
cipitate with these fractions (5). Mak- 
ing this precipitate alkaline with NaOH, 
and steam distilling, yields a colorless 
oil having physical constants as follows: 
density 0.974 and a 24 dinitrophenylhy- 
drazone with m.p. 243° C from alcohol 
solution. This did not depress the m.p. 
of cumaldehyde 2-4 dinitrophenylhy- 
drazone. 

When fractions II and III are shaken 
with a saturated water solution of nor- 
mal sodium sulfite, NasSO., 20% of the 
oil goes into solution, leaving 80% un- 
reacted. Redistilling this residual oil 
vields a colorless oil with physical con- 
stants: density 0.973%, refractive index 
1.52707°. Constants for cumaldehyde 
are: density 0.973%, refractive index 
1.5280°. 


A portion of fraction III was mois- 
tened with a 30% solution of hydrogen 
peroxide and exposed to the air for sev- 
eral days. 
cuminie acid developed, m.p. 117° C. 
These results identify the presence of 
cumaldehyde in Pectis oil in amounts 
equivalent to 46.8% of the original oil. 

Carvone. As has been noted, the high 
boiling Pectis oil fractions react with a 
saturated water solution of normal so- 
dium sulfite, 20 per cent of the oil go- 
ing into the water phase and 80 per 
cent remaining unreacted. Cumalde- 
hyde was identified in this residual oil. 

By making the Na.SO, solution of 
the ketone alkaline with NaOH and dis- 
tilling with steam, a small quantity of 
a pale greenish yellow oil was obtained. 
It is established that the ketone is not 
recoverable quantitatively from this so- 
This oil had the characteristic 


Characteristic crystals of 


lution. 
odor of carvone. Its refractive index 
was 1.5020°°. The refractive index of 
carvone is 1.49807°. A 2-4 dinitro- 
phenylhydrazone was obtained from this 
oil having an m.p. of 190°, the same as 
that of the carvone hydrazone. The 
mixed m.p. did not depress the m.p. 
of the carvone hydrazone, thus identi- 
fying the presence of carvone in Pectis 
oil to the amount of 20% on the high 
boiling fractions equivalent to 11.7% of 
the original oil, based on the absorption 
test with the normal sulfite solution. 

In the reaction of the ketone with 
the normal sufite, alkali is released. 
Experiments have that the 
amount of alkali released, as measured 
by a standard acid, can be used in es- 
timating the of aldehyde or 
ketone present (7). The 
cumaldehyde in this fraction having al- 
ready been established, an experiment 
was carried out on a known mixture of 
two thirds cumaldehyde and one third 


shown 


amount 
presence of 
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amount of 


determining the 
standard acid required to neutralize the 


carvone, 


alkali liberated. The experiment was 
conducted at room temperature, using 
phenolphthalein as an indicator and al- 
lowing to stand over night. The un- 
reacted oil was recovered with ether and 
amounted to 92% of the cumaldehyde 
taken. The reaction with cumaldehyde 
is thus shown to be very slow, while 
carvone reacts quite rapidly. 

Sadtler (7) has shown that two mole- 
cules of carvone liberate alkali equiva- 
lent to one molecule of HCl. On this 
basis the acid required to neutralize the 
alkali liberated by the Pectis oil ketone 
was found to be equivalent to 18% of 
carvone in the high boiling fraction. 
This approximates the amount, 20%, of 
the ketone found by direct absorption. 

A further check on the composition 
of fractions II and III was made by 
comparing the theoretical density, re- 
fractive index and optical rotation cal- 
culated on the basis of 80% cumalde- 
hyde and 20% carvone with those con- 
stants found by analysis as follows: 


eae eale. 0.971%° 
ensity found 0.971% 
‘ WA ons eale. 1.5217" 
Refractive index found 1.51872° 
Optical rotati eale. 12.6 
ptical rotation found 12.0° 


Identification of carvone in the pres- 
ence of cumaldehyde by the hydrogen 
sulfide method of Wallach (4) was un- 
successful, since cumaldehyde also re- 
acts with H.S in an alkaline medium 
giving an amorphous bulky precipitate 
unlike the crystalline product obtained 
from carvone. 

Chromatographic Identification. In 
order to determine whether the 2—4 di- 
nitrophenylhydrazones of the original 
Pectis oil could be separated and iden- 


tified chromatographically, a solution of 
these hydrazones in a mixture of ben- 
zene and ligroin was absorbed on a 
column of silicic acid and ‘‘Cellite’’. 
Zones having the m.p. of cumaldehyde 
and carvone dinitrophenylhydrazones 
obtained, but the benzaldehyde 
zone did not develop, probably because 
of its low concentration in the mixture. 


were 


Pectis Seed and Production 

Like cumin seed condiment, Pectis 
seed imparts the spicy flavor of cum- 
aldehyde, due to the presence of this 
oil in the fruit. The seed of P. papposa 
is much smaller than that of cumin but 
is produced in large quantities. Weight 
measurements indicate that a good crop 
of Pectis would yield up to 150 pounds 
of seed per acre. 

Experiments are being made on grow- 
ing Pectis papposa in the South Gila 
Valley, Arizona. No difficulty has been 
experienced in germinating the seed, 
but control of weeds is a problem in 
cultivated fields, and Pectis is not very 
weed-resistant. If a satisfactory crop 
could be produced, yielding 25 pounds 
oil per acre, the crop could be har- 
vested and the oil recovered by meth- 
ods established for harvesting pepper- 
mint, with a minimum amount of hand 
labor. The oil would probably be eval- 
uated on its cumaldehyde and carvone 


content and applied where they are 
utilized. 
Resumé 


Pectis papposa is found native over 
large areas of the Southwest, yielding 
in some cases, based on quarter acre 
pieces, at the rate of three tons green 
weight per acre. Yields of 0.40% to 
0.60% of oil on the green plant basis 
have been obtained by steam distilla- 
tion. 

Constituents identified in the oil and 
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their approximate percentages are the 


following : 
si 


jt 
Beta pinene 27.0 
Alpha pinene 2.0 
Cumaldehyde 47.0 
Benzaldehyde 1.0 
Carvone 12.0 
Esters Small amount 
Acids Small amount 
Aleohols None 


The percentage of cumaldehyde in 
Pectis oil is approximately the same as 
in cumin oil, and Pectis oil and caraway 
are unique in containing both cumalde- 
hyde and earvone. 
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Utilization Abstract 


Rice Hulls. Texas is now the nation’s 
largest rice-growing State, with an annual 
crop of some 24 million bushels. The rice 
hulls from this State together- with those 
from mills in Arkansas, Louisiana and Cali- 
fornia amount to about 300,000 tons annu- 
ally, and their utilization has long been a 
problem; most of them have heretofore been 
burned near the mills for want of a better 
way to dispose of them. Now, however, 
“furfural, acetone, glue-spreader, abrasives, 
extenders of plasties, art panels, wallboard, 
insulation materials, an ingredient of grime- 
removing soaps, filler for cement and other 
composition building blocks, sweeping com- 
pounds, an edible oil from rice bran and sev- 
eral other chemical materials are beginning 
to attract the interest of processors as well 


as growers of rice”’. 


While some progress has been made in 
using Texas rice hulls as an ingredient of ce- 
ment building blocks, all the other phases of 
utilization are still in the experimental stage, 
and the Western Regional Research Labora- 
tory in Albany, California, is pursuing work 
in this direction. 

Rice bran contains about 20% oil which 
has not yet found an outlet, while the bran 
itself and rice polish find ready markets 
ranging at times from $40 to $80 per ton. 
It is the hulls which so far have little outlet, 
though they have been used successfully by 
the Quaker Oats Company at Memphis, 
Tennessee, as a source of furfural. Oat hulls 
have long been the principal source of this 
chemical, and more recently cottonseed hulls 
have been utilized for the same purpose. 
(From Texas Chemurgic News, as condensed 
in Chemurgic Digest, 8(2): 12. 1949). 





Problems Associated With the Procurement 
of Plant Products From the American Tropics 


Industrial utilization of the vast wild vegetable re- 
sources of Latin America involves much more than 


the solution of technological problems. 


More dif- 


ficult, at times, are the problems of labor, politics, 
transportation, native apathy and climate. 


ROBERT W. SCHERY 


Missouri 


Botanical Garden 
and 


Washington University 


Introduction 


It was impressed quite abruptly upon 
some of us engaged in procurement of 
vital materials from the American trop- 
ics during the recent war, how inex- 
perienced and even naive were some of 
the United States’ foremost 


leaders when it 


business 
with 
tropical products and Latin peoples. To 
a man behind a desk in Washineton, 
accustomed to procuring standard items 


came to dealing 


in standardized temperate zone markets, 
it well might seem that increased pro- 
curement and production are directly 
geared to dependable offering 
In the United States a purchase offer 
well in excess of standard market prices 
would normally be sufficient to stimu- 
late flow to the would-be purchaser, and 
the producer would find and 
means to facilitate and increase produc- 
tion, perhaps at the expense of other 
products, simply because it would thus 


price. 


ways 


become the most profitable thing to do. 
In the tropics, however, various com- 
plicating factors seldom permit such 
a simple cause-and-effect relationship, 
and in extreme cases rise of price be- 
yond a certain optimum may actually 
depress production. In the subsequent 
paragraphs some of the many factors 
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that must be weighed in initiating pro- 
curement of wild 
from the American tropics are briefly 


vegetable products 
discussed. 
Transportation 

One of the most serious difficulties to 
be overcome in exploiting wild tropical 
American plants is the inadequacy of 
transportation. Extensive stands of 
almost any economically important wild 
plant, with the exception of coconut, 
mangrove and a few others, are today 
distant from formalized lanes of trans- 
portation, often remote in the hinter- 
land where no dependable transporta- 
tion whatsoever is available. Most strik- 
ing in this respect are the vast interior 
of Brazil and the Andean countries on 
their eastern slopes. Areas of small ex- 
tent, such as Darien province of Pan- 
ama, Peten district of Guatemala, the 
interior of Honduras, and, in fact, the 
whole central mountain of Cen- 
tral America, also present formidable 
obstacles. Each of these localities, 
abounding in plants useful to man, are 
many days or even weeks distant in 
both time and effort from marketing or 
manufacturing centers, and in the im- 
mense interior of South America remote 
in mileage as well. 


core 
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Through much of tropical America 
oceur geographical and climatic barriers 
more severe than those typical of tem- 
perate North America, with either or 
both incentive and means for surmount- 
ing these barriers lacking. Coastal 
areas are frequently bordered by treach- 
erous bogs and impenetrable mangrove 
tidal swamps, with shallows and _ off- 
shore bars further hindering access from 
the sea. Inland occur terrains more 
adaptable to ordinary transportation, 
but on the Caribbean slopes of Central 
America and the north shore of South 
America heavy rain and encroaching 
jungle make establishment and mainte- 
nance difficult and expensive. In north- 
eastern and eastern South America 
shifting sand, seasonal rains and semi- 
arid climate limiting the population 
make economical upkeep of hand- 
graded roads difficult. In the Amazon 
valley seasonal flooding and marshy 
lowlands combine with unmastered for- 
est to make most overland transporta- 
tion impossible. North-south mountains 
in South and Central America, with 
unmanageable slopes and few divides, 
limit east-west transportation linkage 
throughout tropical America. 

Thus in a machine age inhabitants of 
the tropics still move and ship by means 
old centuries ago. Rain-forest areas 
depend almost solely upon rivers as 
their arteries of communication, and the 
entire Amazon valley, a continent within 
a continent, relies exclusively upon an- 
cient packets and inefficient wood-burn- 
ing steamers to run the larger streams. 
Beyond this, small launches and finally 
dugout canoes carry supplies to and 
remove produce from the distant iso- 
lated settlements. No wonder that weeks 
elapse and prices soar as merchandise 
traverses the thousands of miles of 
muddy water from Belem at the mouth 
of the Amazon to the upper reaches of 
this gigantic stream system in Colombia, 
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Peru and middle Brazil. No econom- 
ical and, with the exception of aircraft, 
no effective transportation has 
quered the north-south mountains. An- 
dean countries rely upon human run- 
ners of Indian ancestry or occasional 
llama trains to traverse the towering 
mountains. It is found cheaper to 
transport products from Amazonian to 
Pacific-slope Peru via the Amazon river, 
Caribbean Sea, Panama Canal and Pa- 


Con- 


cific Ocean, a distance of thousands of 
miles, than over the Andes, a few hun- 
dred miles. In eastern Brazil only a 
few unkept roads, impassable to mod- 
ern cars, connect the populated coastal 
belt with the Sao Francisco valley, and 
beyond that not even this much exists. 
Transportation must be along the fre- 
quently seasonal rivers or overland by 
mule or on foot. During the dry sea- 
son even mule passage becomes impos- 
sible for lack of forage enroute. For 
short distances, not more than a few 
hundred miles, slow and generally dirty 
wood-burning railroads are available, 
the most efficient transportation in the 
Canal Zone, at intervals along the coast 
of South America, and in Costa Rica 
and other Central American countries. 
Tropical America on the whole remains 
dreadfully inadequate in transportation, 
relying to this day upon human ear- 
riers, beast-of-burden and very scattered 
water, rail or truck transportation to 
bring expensively to market the wealth 
of hinterland plant products. This sit- 
uation is perhaps the greatest single ob- 
stacle inhibiting successful exploitation 
of the lush tropical vegetation. 
Organizations exploiting large con- 
cessions or opening new areas for ex- 
ploitation in tropical America are faced 
with establishing their own microcosm 
of a transportation network. Even 
then, when the many human and cli- 
matic considerations yet to be discussed 
have been taken into account and _ pro- 
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vision for adequate capital made, irri- 
tating difficulties and delays are apt to 
come up because of no reliable informa- 
tion concerning the terrain. Existing 
maps are usually partly or wholly of 
guesswork, with elevations, soil or rock 
types, river courses, etc. frequently in- 
accurate or not considered. Outfits 
opening concessions in the tropics ordi- 
narily must map and survey before in- 
telligent planning for local transporta- 
tion becomes possible. All of this even- 
tually adds up to higher costs. 


Maintenance 


Maintenance of equipment in the 
tropics is a more serious concern than 
for temperate regions. Two aspects of 
maintenance become apparent: a) phys- 
ical breakdown under climates condu- 
cive to deterioration and in regions de- 
ficient in mechanical facilities; b) the 
securing and keeping of competent 
maintenance crews or supervision. 

In the former case it is apparent that 
the warm humid climates generally pre- 
vailing in the tropics accentuate rusting, 
molding, efe. on equipment manufac- 


tured in and designed for temperate 
climates.. Moreover, much of the equip- 


ment must be put to overly severe use, 
due to poor roads, seasonal hurry-up, 
unavailability of replacements and con- 
stant unforeseen demand for work for 
which the equipment was not specifically 
designed. With the typical lack of re- 
pair facilities, high-quality parts, high- 
grade fuels and skilled operators, it is 
no wonder at all that the average life 
of any piece of equipment may be but 
a fraction of its working life under tem- 
perate conditions for which it is de- 
signed. The life of a jeep may be less 
than 15,000 miles, and heavy equipment 
may survive only a few rainy seasons. 

The second aspect, that of mainte- 
nance, largely influences the _ first. 
Skilled and imaginative mechanics can 
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easily double the working life normal to 
most equipment operative under trop- 
ical conditions. I have seen 1929 Fords 
15 years old, literally pieced together 
with baling wire and _ locally-fashioned 
parts, make 3,000 mile trips through 


eastern Brazil over ‘‘roads’’ impassable 
to any modern car. On the other hand, 
new motor vehicles have remained 


stalled for protracted periods and have 
even been ruined under water because 
the operator possessed no mechanical 
background of as simple a nature as 
understanding battery and carbureter 
connections. The difficulty in the trop- 
ics is in finding sufficient personnel with 
mechanical understanding, interest and 
skill. In the United States almost every- 
one has been associated to a greater or 
lesser degree with mechanical 
and automobiles since childhood, and 
understands the basic principles upon 
which these devices are constructed. On 
the other hand, the great majority of 
Latin Americans have never been able 
to afford mechanical equipment, and 
those wealthy enough to possess it look 
askance at soiling their hands over its 
upkeep. By and large their interests 
lie more in politics and the arts than 
in science and engineering. The result 
is a paucity of trained and experienced 
mechanics among Latin peoples, and 
consequent deficient upkeep of equip- 
ment. If United States mechanics or 
supervisors are brought to the tropics, 
not only must their wages be consider- 
ably higher than in the U. 8. A., but 
their stay is apt to be very transitory 
and their attitude toward Latin condi- 
tions unsympathetic. Causes of dissat- 
isfaction will be reviewed in a later 
paragraph. 


devices 


Supplies 
In most parts of tropical America 
adequate supplies by United States 
standards are non-existent. Common 
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medicinals, if available at all, may sell 
for many times their value at the corner 
drugstore in the U.S. A. Repair parts 
for mechanical equipment are available 
only in the larger centers. Over much 
of the region life exists on a self-sus- 
taining basis, with reliance on the out- 
side only for such necessities as guns 
and ammunition, machetes, cloth and 
occasional foods or tools. There are 
many interior villages in Central and 
South America where nothing can be 
purchased, not even local foods. Food 
supply is often deficient because grow- 
ing of crops is largely by laborious 
hand methods. No large-scale or me- 
chanical farming methods exist to per- 
mit abundant production at 
Quality food remains scarce and 
expensive. In the upper reaches of the 
Amazon waterway basic supplies from 
the outside eventually reach the out- 
posts of civilization, but selection is 
very limited and costs usually prohibi- 
tive for the average laborer or rubber 
tapper of the region. Most jungle in- 
habitants must rely for food upon wild 
game plus what they can grow. They 
work with make-shift equipment and 
live in the humblest of housing. Ob- 
viously no trained North American, ac- 
customed to the ways of the U. S. A., 
will be content to stay for protracted 
periods in primitive areas such as these. 
Nor will educated citizens of the coun- 
try in question find it profitable to do 
so. Consequently the quality of super- 
vision so sadly needed for efficient ex- 
ploitation in backwards localities be- 
comes unavailable because lack of sup- 
plies does not allow for adequate stand- 
ard-of-living. In order to keep trained 
personnel satisfied and equipment prop- 
erly serviced, organizations operative in 
the tropics have ordinarily to maintain 
their own supply and fuel depots, hous- 
ing projects, medical service and even 
‘country clubs.’’ With permanent or 


lowered 
eosts. 
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elaborate undertakings it may frequently 
be necessary to construct sanitation sys- 
tems, water purification plants, ice 
houses, tooling plants, etc. Seldom are 
such subsidiary projects self-sustaining, 
and the added overhead must be fur- 
ther taken into account in the cost of 
the product being exploited. 


Seasonal Operation 

In many parts of Latin America sea- 
sonal cycles make it impossible to ex- 
tract products of the forest during parts 
of the year. Rubber, Brazil nuts, ma- 
hogany and various other woods cannot 
be reached during flood stage in the 
Amazon valley. 
products comes almost to a_ standstill 
for a few months of the year. In east- 
ern Brazil gathering of secondary lat- 


Commerce in vegetable 


ices ceases during the dry season, due 
to insufficient vields and injury to the 
plants, while commerce in palm wax 
gives poor yields in times of abundant 
rainfall. Gathering of chicle for chew- 
ing gum in the Yucatan area can pro- 
ceed only during a part of the year, 
while various logging operations demand 
seasonal river floodings to float logs to 
Many roads become impassable 


These factors 


market. 
during the rainy season. 
tend to make production difficult and 
delivery uncertain. Seldom can a prod- 
uct be held over in tropical climates 
without deterioration if transportation 
becomes disrupted by seasonal change. 
A shortened productive season throws 
added burden on the productive months 
to average out annual costs. Equip- 
ment is more severely used, seasonal 
labor must be sought and overhead sus- 
tained during the non-productive sea- 
son. Of course, maintenance and sup- 
ply problems are thus further aggra- 
vated. 
Operational History 

Exploitation of the natural vegeta- 

tion of Latin America has been prac- 
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eenturies. 


ticed for 
tannin has long come from Paraguayan 
forests, rubber from wild trees of many 
genera and species throughout Central 


@uebracho for 


and South America, mahogany and 
other woods from tropical American 
forests, haematoxylon and Brazilwood 
dyes from many lowland regions, qui- 
nine from Andean countries, balsa from 
Pacific South America and Central 
America, kapok, chicle, several resins 
(copal), etc. from various parts of the 
American tropics. The history of ex- 
ploitation is in each case the same— 
taking all available material 
wherever it could be reached, with little 
or no thought for future supply. As 
a result, high-quality logs, rubber trees, 
tannin sources or whatnot have been 
eliminated in populated and accessible 
localities. Remaining stands are distant 
in the hinterland—inaccessible, of un- 


one of 


known extent, a considerable commer- 
cial risk. Year by year this situation 
becomes more aggravated resulting in 
added burden upon _ transportation, 
maintenance and supply to effect collec- 
tion from wild sources. 

Equally disturbing is the persistent 
practice of selective removal of wild 
plants from the diverse forest areas of 
the tropics. Mahogany or rubber or 
chicle may occur naturally with a fre- 
quency of perhaps one tree per acre. 
Few mahogany, rubber or chicle trees 
can be found today in relatively ac- 
cessible forests where exploitation has 
been carried on many years. During 
the history of exploitation of the Amer- 
ican tropics it has always been the prac- 
tice to remove or kill in tapping only 
the finest species and the finest trees of 
that species. Consequently these valu- 
able types are at a disadvantage for re- 
producing themselves. No sooner is a 
fine specimen removed than a jungle of 
less desirable types, not felled nor in- 
hibited, closes in to usurp the habitat. 


Within the desirable high- 
yielding specimens have been _persist- 
ently tapped, and thus a significant 
percentage of them killed, or have been 
selected for cutting, leaving poorer in- 
dividuals to reproduce the kind. Jequié 
manicoba (rubber) in Baia, Brazil, of- 
fers an excellent example of this type 
of worsening in the stand. The fre- 
quency of poor-yielding trees noticeably 
increased with only three years of heavy 
tapping. With exploitation involving 
removal of trees, culls and valueless 
types are left to hold the area where 
otherwise robust individuals of desir- 
able types might be growing. Logging 
in Central America well illustrates this 
type of stand deterioration. For such 
reasons species have decreased in qual- 
ity as well as quantity over tropical 
America as a whole, a situation, how- 
ever, by no means limited to the tropics. 

Another facet of exploitation reflected 
in inereased cost is the tremendous 
wastage involved with tropical plants. 
An entire tree may be sacrificed to 
vield a few fruits, a few cupfuls of 
latex or one or two high-quality logs. 
In lumbering in isolated forest areas of 
South America, for example, fine trunks 
of expensive cabinet woods are hand- 
trimmed to a square shape, during 
which operation all sapwood and as 
much as one-third of the heartwood, to 
say nothing of tops and branches, are 
lost as chips and slash. If squared logs 
are to be sawed, two laborers in a sawpit, 
one above, the other below the log, tedi- 
ously produce a plank or two per day 
and nearly as much sawdust with a 
two-man buck saw. Thus, unless an 
efficiently organized production com- 
pany can control operations to the very 
source, and supply supervision in the 
remotest parts of a concession, exces- 
sive wastage of the resources becomes in- 
evitable. The greater the wastage the 
sooner will supplies be exhausted and 


species 
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the sooner transportation or other per- 
manent improvements will have to be 
written-off as capital loss. 

A final word on operational history 
might stress the ingrained habit of 
seemingly all uneducated tropical peo- 
ples of burning-over the landscapes. 
Wherever a prolonged dry season makes 
forest or grassland dry enough to sus- 
tain fire, fire is invariably set year after 
vear. The result is, of course, injury to 
soil and standing plants, inhibition of 
proper reproduction, elimination of 
game, and favoring of those species with 
thick enough bark or resistant enough 
seeds to withstand fire. In Minas 
Geraes, Brazil, during the dry season, 
there is a persistent haze often as dark 
as United States industrial * 
over the entire State for days on end. 
And in the thin marginal forests of the 
State, gnarled thick-barked trees, dec- 
ades old but no larger than one’s arm, 
attest the effectiveness of the annual 
burning. To control annual burning, 
reason and Federal law alike are of no 
avail; only competent supervision can 
stop the practice. Fortunately, over 
most of the tropics, rainforest never be- 
comes sufficiently dry to kindle. 


smogs 


Diversity in Tropical Vegetation 


In contrast to temperate forests with 
few and very abundant dominant spe- 
cies, tropical forests generally contain 
hundreds if not thousands of kinds of 
plants in a frequency seldom greater 
than one or two per acre. Marginal 
forests and grasslands behave more as 
do temperate climate plant populations 
in this respect. If tropical forests are 
to be exploited for one or few plant 
products only, as has traditionally been 
the practice, immense tracts are neces- 
sary to maintain adequate supply. 
Quite obviously there are then further 
demands on transportation and mainte- 


nance, This inherent difference between 
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tropical and temperate forests is often 
not realized by North American pro- 
in lumbering, for example, it 
becomes easily possible in the south- 
eastern U. S. A. to reap from a mod- 
erate acreage commercial quantities of 


dueers. 


southern yellow pine with practically 
no other species. In the Amazon valley 
the same acreage might give scores of 
species, none in commercial 
many of them unknown on the market 
and unsalable if harvested. The same 
would be true of gathering nuts, fruits, 
medicinals, latex, resins, tannins, efc., 
etc. Costs of extraction, involving, as 
one item, road opening, must therefore 
be carefully against volume 
procurable in tropical forests, and for 
greatest economy effort must be made 
to find uses for and acceptance of a 
wide variety of arborescent types. 


volumes, 


weighed 


Vegetational Resource Evaluation 


Most of tropical America is poorly 
known botanically. Hundreds of new 
species await discovery, particularly in 


the Amazon country, and thousands 
more await critical evaluation. Only 
Guatemala, Costa Rica and Panama 


have been, or are in the process of be- 
ing, critically reviewed floristically in 
modern times. Relationships between 
Central American and South American 
species are extremely uncertain. A 
comprehensive knowledge of the trop- 
ical flora is still many years away. 
Equally untouched are ecological studies 
and concomittant records of species fre- 
quency, habitats and rates of growth. 
Factors governing regeneration of indi- 
vidual species are largely unanalyzed. 
Studies on plant diseases, soil develop- 
ment and climatic influence are all still 
in their infancy. This paucity of bo- 
tanical information, coupled with large 
unexplored areas, inaccurate maps and 
dubious or contradictory local informa- 
tion, makes accurate planning of large- 
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of wild 
plants impossible, unless first there is 
an preliminary 
survey. As a result, most ventures by 
sound established organizations in the 
American tropics have relied upon well- 
known cultivated 
crop—bananas, coffee, sisal, abaca, cacao, 
etc. Where native wild plants are uti- 
lized they typically reach market from 
isolated through 
porters who have no control over and 
often no knowledge of production. 


long-term exploitation 


scale 


conducted expensive 


exotics as the basic 


sources veneral ex- 


Tradition of Exploitation 


For so long have the American trop- 
ics been wrested of their vegetational 
wealth with no regard for the future, 
that practically no spirit of conservation 
rests with the people. Mention has al- 
ready been made of several specific mal- 
More alarming is the general 
Steep hill- 


cover 


practices. 
disregard for conservation. 
are denuded, watershed 
wantonly destroyed, species reduced to 
near extinction, with voice 
raised in protest. Any outside organi- 
zation interested in controlled exploita- 
tion of the tropics can expect in its own 
interest and that of the country in 
which it is operative, to have to enforce 
even elementary conservation practices 
upon local employees. 


sides 


seldom a 


Capital and Credit Difficulties 


Operations in the American tropics 
financed by United States interests are 
little concerned with capital and credit 
problems in the Latin American coun- 
tries. Yet small producers operative 
within the tropical countries may find 
capital hard to obtain and interest rates 
high. Financing is such in many locali- 
ties that bank interest on savings may 
draw as high as 10% interest. Away 
from the relatively few cities financing 
may be so primitive that ‘‘grubstaking”’ 
by certain merchants with payment in 
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the accepted procedure 
among the illiterate populations dwell- 
ing there. Financing conditions are 
perhaps analogous to those of the United 
States a century ago. 


produce is 


Paucity of Manufacture 


America man- 
What little 


In most of tropical 
ufacturing is non-existant. 
there is is in most countries definitely 
inferior to and usually more expensive 
than that of the U. S. A. or Europe. 
As a result there exists general depen- 
dence for manufactured goods and ul- 
timate markets for products of the wild 
distant temperate zone cities. 
Long transportation hauls and much 
handling become necessary, with added 
cost to both articles purchased and pro- 


upon 


duce sold. Uncertainty of supply also 
frequently occurs, particularly in times 
of emergency, as prevailed during the 
recent war. Lack of local manufacture, 
of course, has a bearing upon problems 
of supply and maintenance. 


Labor 


Among human and political factors 
affecting production from wild plant 
sources in Latin America, labor is cer- 
tainly of moment. In long-settled lo- 
calities—the coastal regions of South 
America, the Canal Zone, the ‘‘meseta 
central’’ of Costa Rica, Salvador and 
the more healthful parts of northern 
Central America, most of the West In- 


dies—labor is available in quantity. On 
the other hand, in the Amazon and 


Guiana wildernesses and in other areas 
already mentioned as deficient in trans- 
portation, quantity of labor for con- 
certed conquering of the jungle is lack- 
ing. And production of any native re- 
source from these areas is only as good 
as the tapper, axeman or collector who 
today haphazardly gathers marketable 
vegetable produce in order to secure 
modest supplies from the small interior 
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exporter. On the whole, labor must be 
regarded deficient in tropical America, 
the areas of deficiency correlating with 
areas insufficient in transportation, sup- 
plies, ete. Where populations are abun- 
dant, wild plants of value have largely 
been eliminated. One of the greatest 
difficulties in securing large and con- 
stant amounts of strategic materials 
from the wild during the last war was 
the problem of getting labor in large 
quantity into remote locations, and of 
maintaining the workers there.  Cer- 
tainly from the standpoint of availabil- 
ity, labor resources over most of Latin 
America cannot compete with those of 
the Far East. 

By and large, New World tropical 
labor is not dependable. The 
life is slow, and a tradition of laxity 
and absenteeism exists. What matter 
if a construction project takes months 
instead of weeks! Tomorrow is always 
another day. Moreover, seldom does a 
week pass without at least one or two 


pace of 


excuses for a holiday, if nothing more 
than in honor of a patron saint or in 
deference to the death of a distant rela- 


tive. Many national holidays are cele- 
brated twice or more times, as, for ex- 
ample, on the eventful day itself and 
again on the day the news of the hap- 
pening reached local districts. In wil- 
derness regions, such as interior South 
America, frequent holidays even become 
a necessity for securing game, con- 
structing dwellings, fetching supplies. 
In any country of Latin America a 
commitment is not to be taken too seri- 
ously. An appointment for eight 
o’clock likely means ten, or even the 
next day, and an agreement to work 
may or may not result in appearance 
of the worker. Amount of work is eali- 
brated to necessities for existence: if 
five dollars per week is necessary to 
survival, just so many days work as is 
required to obtain five dollars will be 
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undertaken—no more. One of the most 
fantastic episodes of war-time dealings 
in South America showed U.S. A. union 
wages offered to native workers for cer- 
tain construction work, several times 
the average wage in the locality. The 
result abandonment of 
customary employment, to work for the 
U. S. A.—one day a week and loaf five. 
There was during the short interval 
that this policy was in effect an unman- 
ageable turn-over of workers, the gar- 
nering of carloads of ill-will from local 
S. A. ageney it- 


was. wholesale 


employers, and the U. 
self made the laughing stock of the 
workers. It was certainly not the road 
towards gaining Latin American good 
will for the U. 8S. A. My personal ex- 
perience in Brazil 
that for maximum production a wage 
slightly better than 
must be 


showed repeatedly 
scale equal to or 
that for any other activity 
maintained to lure workers to the field, 
but that anything beyond such an op- 
timum will result in oppor- 
tunity to loaf, a factor of considerable 
significance where labor is scarce. With 
‘‘ambition’’ in the United States’ sense 
usually absent in the workers, the tradi- 
tional system of myriads of middlemen 
exploiting the ignorant 
forest inhabitant to the utmost 
probably the most efficient for 
quantity production of wild vegetable 
Tropical American unskilled 


increased 


‘‘exporters’”’ 
has 
been 


materials. 
labor typically lives in poverty and has 
learned through generations to expect 
nothing more. Yet this labor cannot be 
‘‘driven,’’ as reportedly can African 
labor; it must be made to ‘‘want to 
work’’, albeit often by force of necessity. 

Manual skill of the average tropical 
American laborer is said to be inferior to 
that of the Far East, about equal to that 
of Africa. It is difficult to teach exact- 
ing procedures, and impossible to alter 
traditional practices. ‘‘What was good 
enough for gran’pappy is good enough 
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for me’’ is the typical outlook. Appeal 
by reason for improved practice is of 
no avail. 
usually impossible in extraction of wild 
products, there is little hope for im- 
provement of methods. Yet these same 
traits of stubbornness and tenacity often 
are reflected in considerable loyalty to 
an employer in favor. Many are the 
cases where higher wages have been of 
less decisiveness than compatability of 
employer in determining acceptance of 
employment. And if a 
to do the job exists, tropical American 
labor industrious for short 
periods as that in any other region of 
the world. 

Unskilled labor costs are not great in 


Since adequate supervision is 


sincere desire 


can be as 


comparison with United States stand- 
ards, but are considerably higher than 
those for Africa or the Far East. In 
pre-war tropical America daily wages 
ran from as little as a few cents to a 
high seldom over one dollar. Very local- 
ized areas, such as oil developments in 
Venezuela, may have wages well above 
the usual. During the war years a typ- 
ical wage in interior Brazil did not ex- 
ceed twenty-five cents per day. Organi- 
zation of labor has not as yet become 
general in Latin America, so that union- 
ism is seldom a factor demanding con- 
sideration. Certainly in the unpopu- 
lated areas where wild plant products 
are typically gathered, labor organiza- 
tion is an impossibility. Skilled labor 
through much of tropical America is 
extremely scarce. Most of the popula- 
tion has little or no educational oppor- 
tunity and away from the few large 
cities remains illiterate, subject to many 
superstitions, rumors and unsound prac- 
tices. The absence of a conspicuous 
‘middle class’’ results in a wealthy 
educated minority, unwilling to 
their hands, and a poor uneducated ma- 
jority without possibility for gaining 
experience in skills. Few mechanics or 


soil 


42] 


machine operators are obtainable from 
native populations. 

Except with domestic help there is 
seldom assumed any responsibility for 
Yet a pro- 
gressive concern intent upon exploiting 
the richness of remote tropical America 
would have to consider this problem as 
well as those of transportation and 
equipment. For prolonged operations 
no labor can be kept without family. 
To keep laborer and family reasonably 
efficient and content, housing, commis- 
saries and perhaps even medical service 


housing or keep of labor. 


become necessary, the same as is neces- 
sary on plantations. As a rule these 
need not be elaborate. Latin American 
labor is traditionally content with 
meager housing, one or two basie food- 
stuffs and very little hygiene. It is 
often to the employer’s interest to main- 
tain health malaria 
may otherwise materially reduce man- 
labor from 
worker, while general efficiency of the 


service, for alone 


hours of possible each 


worker become 


series of 


undermined by a 


illnesses. As 


may 
tropical inex- 
pensive an undertaking as supply of 
quinine or atabrine to isolated workers, 
free or at cost, can significantly in- 
This 
becomes a matter of importance where 
labor is searce. 


crease productiveness per worker. 


Supervision 

Proper supervision of undependable 
illiterate labor is much needed in the 
tropics. Yet seldom can it be obtained 
in the remote regions where wild plants 
are exploited. Even if occasional 
trained national personnel can be found, 
seldom can conditions in the remote 
districts be made sufficiently attractive 
to interest these men obviously capable 
of making their way in more civilized 
places. They are more exacting in their 
requirements for housing and supplies, 
and are frequently of child-like unde- 
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pendability in completing a job under 
difficulties. On the other hand, the 
bringing-in of temperate zone supervi- 
S. A. or Europe offers 
Such super- 


sion from the U. 
a great many difficulties. 
visors must be well paid, must be more 
elaborately than 
peoples, and in many cases prove tem- 
peramental or incompatible with local 
customs and tropical living. Seldom 
are they satisfied in their work for more 
than a few vears. So far, therefore, it 
has been impractical to bring in tem- 
perate zone personnel except to estab- 
lished plantations. An occasional ‘‘ lone 
wolf’’ will make his living by organiz- 
ing exploitation of wild plant products, 
and in the process usually ‘‘goes na- 
tive.”’ 


provided-for local 


Management 


Local management in tropical coun- 
tries, through knowledge of language. 
customs and political experience, is per- 
haps more capable in organizing extrac- 
tion of wild plants and plant products 
than is foreign management. Yet local 
management may be dependable 
financially and less efficient in gaining 
world markets. Moreover, there is per- 
haps more frequently a tendency with 
local management in the American 
tropics to show undue ostentation, en- 
gage more freely in graft, seek monopo- 
lism and high prices, and demonstrate 
the usual social apathy. Any of these 
practices may directly or indirectly in- 
hibit production. Local management 
has infrequently risen from the ranks. 
There is typically a lack of broad back- 
ground in technical or mechanical train- 
ing, and often in integrated knowledge 
of all procedures of procurement. In 
times of stress such management may be 
less likely to provide needed foresight, 
steadiness and strength. 

On the other hand, management by 
temperate zone groups involves opera- 


less 
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and 
often embraces unfamiliarity with local 
conditions and with the Spanish or Por- 
Inexperienced 


tion from considerable distances, 


tuguese languages. 
North Americans invading the commerce 
of the tropics have at times cut a sorry 
figure depending upon interpreters, de- 
manding ‘‘their rights as Americans,’’ 
constantly making known how inferior 
they regard everything outside of the 
U. S. A, and depending solely upon a 
heavy bank account to command respect. 
They and their families frequently can- 
not endure tropical life for long, and in 
spite of individual capability cannot 
manage a tropical enterprise with en- 
thusiasm. 


Political Uncertainty 


never been 


Govern- 


Political steadiness has 
achieved in Latin America. 
ments and policies ‘‘in’’ today may be 
out’? tomorrow. Concessions granted 
for prolonged periods under stipulated 
may become rescinded in short 

Groups enjoying the favor of 


sé 


terms 
order. 
one administration may suddenly be on 
the wrong side of the fence. Under such 
conditions heavy capital outlay becomes 
a considerable risk. Political reasons 
alone are sometimes sufficient to discour- 
age North American capital investment 
in tropical enterprise. With the recent 
nationalistic trend in Latin America 
most North American investment is best 
made through subsidiaries incorporated 
under the laws of the country where 
operative and at least nominally in the 
charge of nationals. 

Ephemeral Governments may meddle 
unduly in the operations of a successful 
enterprise. Political appointees try to 
make the most of their potentially brief 
stay in office, and look upon a money- 
making industry with hope. Taxes and 
export duties may become increased, or 
behind-the-scenes payments demanded to 


obtain necessary permits. Such Govern- 
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ments seldom accept their responsibility 
to the nation, nor do they realize the 
urgency of 
Many officials are more concerned with 
lining their own pockets than furthering 
the interests of the State. Even where 
top Government policy fosters intelli- 
gent exploitation of wild plant products 
and Stave laws are enacted to regulate 


conservation measures. 


practices, seldom can such directives be 
supervised in the remote districts where 
wild plants are found. This passage of 
unenforceable laws breeds contempt of 
all regulation, and commonly conserva- 
tion directives are ignored, and inspec- 
tors, if any, payed-off when advanta- 
geous. 
Militarism 

Many Latin American countries are 
dominated by the military which may 
or may not be sympathetic to civilian 
enterprise. An extreme example of a 
deterring influence by the military upon 
flow of a plant product, in this case 
salvage, occurred in Brazil during the 
recent war. German boats attempting 
to run the Allied blockade had been 
sunk in the south Atlantic, and bales of 
Far Eastern rubber began to wash-up 
on the Brazilian coast. The coastal pop- 
ulation found it quite lucrative to sal- 
vage these bales for sale to the Allied 
rubber pool. Suddenly coastal military 
commanders ordered that all salvage was 
property of the army (the comman- 
ders ?), and took over rubber found in 
the hands of the uneducated beach- 
combers, even at the point of a gun. So 
terrified were some rural populations 
that they buried badly needed rubber in 
the forest rather than be caught with it, 
and made no effort to seek additional 
bales. 


Nationalism and Customs Difficulties 


Only those who have traveled through 
the multitude of small Central American 
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Republics can realize the almost endless 
red-tape of documents, official 
signatures and permits needed to trans- 
act the simplest of business or engage 
in any significant commerce or travel. 


seals, 


It often becomes cheaper simply to bribe 
the ultimate dispatcher where possible 
than to go through the maze of regular 
Many exporting concerns 
keep on the payroll a relative of high 
officials to ‘‘arrange’’ for the necessary 
documents. The feeling of nationalism 
is high, and many minor officials take 
particular pride in showing their au- 
thority. Customs and export difficulties 
may seem onerous in the U. S. A., but 
they are'‘nothing compared to those of 
most Latin American countries. On 
small shipments or infrequent items, as 
many wild plant products are apt to be, 
cost of exporting by common earrier, 
including time spent in red-tape delay, 
may exceed production cost of the item. 
Nor is pilfering in transit or during un- 
supervised inspection uncommon. 


channels. 


World Acceptance of Product 


Mention has already been made of 
the diversity of plant life in the tropics. 
A few species are much utilized and 
thoroughly known on the world market. 
Yet, if the many other species found 
in the wild could also be profitably har- 
vested, production costs from a given 
area might be materially reduced. It 
is a problem before tropical exporters 
to make known or discover uses for the 
multitudes of potentially useful tropical 
plant species. Unfortunately the usual 
condition with wild plants is one of in- 
sufficient steady supply to interest large 
manufacturers. Under such circum- 
stances it becomes difficult to build up 
a market in competition with cultivated 
plants from steady sources. Another 
point militating against new introduc- 
tions is the human tendency to resist 
change. Labor accustomed to certain 
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Fic. 1 (Upper). Ouricuri palms (Cocos coronata), a source of wax and oil, in the vast palm 
belt of Brazil. Broad-leaved foliage is that of a fig (Ficus sp.) 

Fic. 2 (Lower). A typical method of transport in rainforest areas beyond which steam- 
boats can not travel up the shallow rivers. Here the Rio Pardo in southern Baia, Brazil, is 
the only link from the interior to the sea and coastal civilization. 
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Fig. 3 (Upper). Evidence in eastern Brazil of the Latin American traditional habit of 
burning forest areas without regard for useful vegetation, merely to clear land for planting 
manioc, or cassava (Manihot esculenta). 

Fic. 4 (Lower). Serub land in east-central Brazil where gums and secondary latices are 
obtained from wild plants. 
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procedures and graders familiar with 
certain types are reluctant to accept 
novelty. Furthermore, elaborate factory 
machinery involving considerable capi- 
tal investment may be unsuited to other 
than one type of raw material. Ma- 
chines for seutching flax, for example, 
will not efficiently scutch milkweed. 





Panama rubber trees (Castilla elas- 
tica) tapped by the natives in local fashion of 
the Costa Rican rainforest. 


Fig. 5. 


Miscellaneous Local Difficulties 


Various local happenings may effect 
production from wild sources. Inclem- 
ent weather, epidemics of disease, fear 
of wild animals, etc. may effectively re- 
duce the output in any remote district. 
In portions of the unchartered jungles 
of South America, hostile Indians may 
to this day prevent free movement of 
unescorted individuals. Evidently much 
wild rubber is to be found along the 
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headwaters of the Tapajos and Xingu 
in northern Mato Grosso, but tappers 
can only skirt the fringes of the area 
for fear of their During war- 
time, when rubber was at a premium, 
several tappers in this region fell before 


lives. 


poison darts or arrows. 


Summary 


All in all, expoitation of tropical 
plants, particularly from the wild, in- 
volves inordinate risk when balanced 
against possible gain. Therefore, al- 
though the American tropics have been 
known to the white man as long as has 
North America, progress in utilizing the 
vegetational resources is far behind that 
of the temperate zone. Part of the dif- 
ficulty is physiographical, where swamps 
and steep slopes mitigate against trans- 
portation and agriculture alike, and part 
is climatological, where debilitation is 
common and proven agricultural tech- 
niques are difficult. Spanish and Portu- 
guese tradition perhaps centralized au- 
thority too greatly, and permits or even 
encourages excesses in politics and land 
management. The stimulating inter- 
mixture of northern European popula- 
tions has been notably absent. 

In view of the many accentuated dif- 
ficulties discussed in the previous pages, 
it is no wonder that North American 
capital has been hesitant to venture into 
exploitation of wild tropical resources. 
At the same time local efforts have been 
largely without success in conquering 
the immensity of the fast-growing for- 
ests. It would appear likely that little 
promise can be held for large-scale ex- 
ploitation of any wild products from 
tropical America with the exception of 
lumber. It is perhaps inevitable that 
with the rapid destruction of North 
American forests, the economy of the 
U. S. A. will turn to the vast tropical 
hardwood forests of Latin America for 
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part of its lumber supply. Other prod- 
ucts from the wild will likely continue 
to be marketed in a desultory fashion, 
with supply and demand both uncertain. 


Utilization 
Tall Oil. Tall oil is a by-product of pine- 
wood paper-pulp manufacture. In 1948 


about 250 mi'lion pounds of it were produced 
in the United States, and the products made 
with the oil include adhesives, asphalt emul- 
sions and wetting agents, binders, boring oils, 
cement addition agents, cleansers, core oils, 
cutting oils, disinfectants, drawing oils, emul- 
sifiers, factices, flotation reagents, fungicides, 
gloss oils, greases, grinding acids, linoleum, 
mold lubricants, oileloth, paint driers, paint 
oils, paper sizes, penetrating oils, pigment 
wetting agents, plasticizers, polishers, print- 
ing inks, resins, rubber chemicals, soaps, 
soluble oils, sulfonated oils, textile oils, var- 
nishes, waterproofing agents and wetting 
agents. The quickly constructed landing 
fields of the recent war, laid out in swampy 
land and strong enough for bombers, were 
made possible by small amounts of tall oil in 
the paving which induced the wet earth to 
dewater itself and to stick to the asphalt. 
The oil consists of varying mixtures of 
fatty acids, rosin acids and minor amounts 
of other substances. It exists in the pine 
logs delivered to pulp mills to the extent of 
only about one per cent. Each producer of- 
fers his output with accompanying specifica- 
tions, and consumers select the grades best 
tall oil 
made in Sweden at the beginning of the pres- 
ent century, and in 1909 a U. S. patent was 
issued for its 


suited to their needs. Some was 


manufacture, but American 


production did not begin until 1930. Previ- 
ously it was a waste product and a nuisance. 

Tall oil is the lowest priced of all organic 
acids, and in addition to its many uses al- 
ready noted, it is a low-priced source of its 
components, abietie acid in unpolymerized 
form, oleic and linoleie acids, and _ sterols. 
(Arthur Pollak, Chemurgice Digest 8(6): 8. 
1949). 
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No plant adaptable to cultivation but 
grown only in the wild can long with- 
stand plantation competition from the 
Far East. 


Abstract 
Safflower. Commercial production — of 
safflower (Carthamus tinctorus) as an oil- 


seed crop in the United States has begun in 
Nebraska, Colorado, 
North Dakota and eastern Montana, and is 


northeastern western 
being considered in parts of Oregon, Wash- 
California. Recent 
ment of new varieties with seeds averaging 


ington and develop- 
more than 30% oil gives safflower a good 
chance of becoming an important oilseed 
crop in the United States. Sufficient seed is 
expected to be available for planting 100,000 
1950. Markets for the seed have 


been established by Western Solvents, Ince., 


aeres in 


of Longmont, Colorado, and Chemical Crops, 
Ine., of Scottsbluff, Nebraska. (C. A. Claas- 
sen, Neb. Agr. Exp. Sta., Cire. 87. 1949). 

Herculin. Hot water or acetone extracts 
of bark, leaves, berries and roots of various 
species of Zanthorylum have at different 
times been reported to be insecticidal, and in 
1943 a patent was granted for use of the root, 
bark, leaves and fruit of southern prickly ash 
(Z. clava-herculis) as an insecticide. An 
active substance has been isolated from this 
bark and named “hereulin”. Asarinin, pre- 
viously isolated from the bark, has been 
shown to increase the effectiveness of pyreth- 
rum solutions. 

“Z. clava-herculis . . . commonly called 
southern prickly ash, Hercule’s club, or 
toothache tree, is indigenous to the southern 
United States. The bark is used medicinally 
as an irritant and stomachie, and is available 
commercially. Chewing of various parts of 
the plant, especially the bark, gives a per- 
sistent, burning, paralyzing sensation on the 
lips and tongue, an effect also given by Z. 
acanthopodium, fruits of Z. piperitum, and 
the bark of Z. macrophyllum, all of which 
are used as analgesics, particularly in cases 
of toothache”. (Martin Jacobson, Jour. Am. 
Chem. Soc. 70: 4232. 1949). 





IRISH MOSS— From an Art to an Industry 


This red alga, harvested commercially along the 
shores of Prince Edward Island, Nova Scotia and 
New England, is today processed by five American 
companies into an extractive that finds a major market 
as a Stabilizer in dairy products and enters also into 
the manufacture of a variety of other products rang- 
ing from beer to toothpaste. 


LEONARD STOLOFF 
Chief Chemist, Krim-Ko Corp., 
New Bedford, Mass. 


Introduction 


The recognition and_ utilization of 
Irish moss in New England has been well 
documented. This surge of prose does 
not mark the start of a new era but 
merely tags one of the branches of an art 
whose roots are lost in antiquity. Fam- 
ily recipes and remedies carried along by 
word of mouth from mother to daughter 
and father to son have utilized this wild 
crop of the North Atlantic. What 
more natural than that the French, 
Seotch and Irish, migrating to the west- 
ern shores of the North Atlantic, should 
have recognized and utilized this crop. 

As long as the use of 
mained an art, the preparation and pur- 
chase of this commodity were restricted 
to those in the line of succession. It was 
to be expected that France and Ireland 
should become the major sources of sup- 
ply with minor sources burgeoning in 
New England and Nova Scotia. Sales 
were confined principally to family type 
recipes, remedies and industries. 

It was the enterprise of American in- 
dustry that first found new uses for an 
old material, which naturally was pur- 
chased from the major processors in Eu- 
rope. When the war cut off European 
imports it this enterprise that 
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the expansion of domestic 
The war at the same time cut 
off supplies of imported gums, such as 
agar, tragacanth, arabic and acacia. It 
did not take long to determine that the 
active ingredient from [rish moss could 
in many in- 
Spurred on 


pushed 


Sources. 


replace these gums and 
stances outperform them. 
by wartime needs, old equipment was 
adapted to the processing of moss, and 
a purified hydrocolloid, obtained as a 
hot-water from 
was placed on the market. 
American companies' are actively en- 
in the preparation of purified 
greater 


these algae, 


Today five 


extractive 


gaged 
Irish moss extractive, and a far 
poundage of extractive is being mar- 
keted now than of crude moss before the 
war. 

Newly developed sources of [rish moss 
and greatly expanded old ones did not at 
once begin to produce raw material of 
the same high quality as had been im- 
ported. Hastily devised 
methods did not at once produce the best 
possible finished product from the raw 
available. But great strides 

1 Krim-Ko Corp., New Bedford, Mass; Kraft 
Foods Co., Chicago, Ill.; Jaeques Wolf & Co., 
Ns d.3 Incorporated, 
Algin Corp. of America, New 


processing 


material 


Passaic, 
Chicago, IIl.; 
York, N. Y. 


Ine., sowey’s 











nave been taken in both directions. The 
finished product today is far superior, to 
that of even two years ago, and Irish 
moss extractive is well entrenched as a 
valuable peacetime commodity. 


The Plants 


The raw material for this industry, 
Chondrus crispus (li.) Stackh., is vari- 
ously known as Irish moss, carrageen or 
carrageen moss—the name carrageen de- 
riving from a town in Ireland which was 
long an important shipping point for the 
product. Chondrus crispus belongs to 
the family Gigartinaceae in the class 
Rhodophyceae, or red algae. Another 
species in the same family, Gigartina 
stellata, has at times been substituted 
for Chondrus crispus, particularly in 
Ireland, England and Norway. True 
Irish moss grows from a tiny disclike 
holdfast, often length of 
about eight inches, forming loose to often 
dense clumps of a dark red-purple colora- 
tion. The slender stalk expands sharply 
to a flat wedge-shaped apex which is di- 
vided dichotomously. Segments continue 
dichotomous branching to eventually 
form dense heads. Apices of the branches 
are rounded, and the margins are entire. 
Tetrasporangia are found in irregular, 
solitary, little swollen dark red sori in 
the terminal segments. Cystocarps are 
located in similar sori. 

Although most Chondrus will be 
found growing in dense masses on the 
sublittoral formations in 
cold, open water, usually just below a 
growth of rockweed, a sufficient number 
of anomalies exist to confuse the bota- 
nist. An area of Quincey Bay in Boston 
Harbor, year after year, is covered with 
a heavy growth of Irish moss in spite of 
warm shallow protected water and mud 
bottom. The plants attach to miscel- 
laneous solid objects such as shells, cans, 
fubes and The 


achieving a 


faces of rock 


worm small stones. 


growth and pigmentation are similar to 
what is observed under ‘‘normal’’ condi- 
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tions, and the incidence of reproductive 
organs seems much greater. The brackish 
waters of Scituate harbor in Massachu- 
setts and Charlottetown harbor in Prince 
fdward Island frequently support 
heavy growths. Many more such situa- 
tions probably exist. Contrasted to these 
situations, extensive Chondrus 
have been reported by divers at depths 
as low as 40 feet off the coasts of Maine 
and Massachusetts. Yet in spite of the 
seeming hardihood of the plant, attempts 
at artificial cultivation have failed dis- 
mally. 

Another anomaly exists in pigmenta- 
tion. The position of Chondrus among 
the red algae could hardly be guessed 
from an extensive growth occurring off 
Point Prim, Prince Edward Island. 
Ilere a dwarfed form which covers a 
shallow red sandstone shelf reaching ten 
miles out into the Gulf of St. Lawrence 
toward Nova Scotia, is entirely green. 
No red pigmentation has been observed 
in any ‘‘moss’’ from this area. 

Lack of pigmentation is often attri- 
buted to differences in intensity of illu- 
mination, but such an explanation could 
hardly suffice here. 


beds of 


Harvesting 


Today’s Irish moss industry is being 
supplied primarily with raw material 
from the North American The 
main centers for harvesting and pur- 
chase are at Scituate, Mass.; Rockland, 
Maine; Yarmouth, Nova Scotia; and 
Prince Edward Island. On Prince Ed- 
ward Island most of the harvest is drift- 
weed thrown up on the northern shores 
in huge windrows whenever the wind 
blows from the North. Some driftweed 
is also harvested at Point Prim on the 
southeast At times when the 
winds are uncooperative some moss is 
raked at Point Prim and near Tignish on 
the northwestern extremity of Prince 
Edward Island. 

Raking is the primary means for har- 


coast. 


shore. 
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vesting Lrish moss in Nova Scotia, Maine 
and Massachusetts. <A taper-toothed 
rake on a long handle is manipulated by 
hand from a dory to tear the Chondrus 
from rock formations made accessible at 
low tide. Some skill is required for this 
operation, since the rakes have 18-foot 
handles and only the pull of the rake is 
used to keep the dory in position while 
working. A skilled man can rake 800 
to 1,000 pounds of wet moss on a tide, 
for which he may receive’ from 
14¢ to 1?¢ per pound. Reports of two 
to three harvests off the same rock face 
would indicate an extremely rapid rate 
of regrowth. Controlled experiments in- 
dicate, however, that the reports may be 
true but the conclusions false. When 
a plant is pulled or broken loose, the 
holdfast still remains firmly attached. 
Regrowth starts from the holdfast, ex- 
cellent insurance for an uninterrupted 
crop, since there is no dependence on 
spore or gamete survival and germina- 
tion. Natural reproduction by means of 
spores requires six to eight weeks from 
germination to completion of the hold- 
fast, and a full year from the holdfast 
to a size suitable for raking. 

Raking does not denude the rock but 


only tears off the larger growths. More 
room is left for the smaller plants. With 


an excess of nutrient the growth rate of 
a branching plant increases geometri- 
cally so that several harvests in one sea- 
son from one rock face are easily possible 
under these conditions. 

The season for raking depends on the 
weather and usually extends from May 
until September. At other times the 
water is too rough. Rough weather 
with winds from the proper direction 
are required for drift moss. The sea- 
son on Prince Edward Island usually 
extends from August to November. An- 
other limitation at present is the need 
for good drying weather, since the ge- 
ography and economies of the situation 
do not as yet make artificial drying 
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feasible. And drying of the moss is nee- 
for utilization 
economical transportation. 


essary its storage, and 

The labor supply is a governing fae- 
tor in some areas where the gathering of 
moss is an off-season vocation. Lobster- 
men frequently gather moss when the 
are molting, the intensity of 
their efforts being determined by the rel- 
Gath- 
ering moss provides summer employment 
to college students, and farmers close to 
the shore find that an extra penny can 
be earned between haying and _ harvest- 
ine. 


lobsters 


ative prices of lobsters and moss. 


Drying and Bleaching 

Extensive, flat, clean areas on which to 
spread the moss are required for dry- 
These may be sand beaches, cut 
over hay fields or boarded or cemented 
areas. At location 
ployed. Oceasional turning and break- 
ing of clumps is required for thorough 


rr 
Ing. 


one flakes are em- 


drying which may take one to three days, 
depending on weather conditions. Moss 
which is gathered in as soon as dried 
is known as ‘‘black moss’’ because of 
the dark color of the concentrated 
pigment in the frond. 

Drying the moss reduces the moisture 
content from 85% to approximately 
20% and the weight to approximately 
one-fifth of the original. The market 
value of the moss at this stage is six to 
eight cents per pound, the lower figures 
being paid for cast or drift moss. 

If the moss is rewetted and exposed 
to the sun, the red and green pigments 
are bleached, leaving the moss a yellow 
or straw color. Some of this bleaching 
occurs during the initial drying so that 
commercial black moss always contains 
a considerable quantity of bleached 
fronds. For complete bleaching, occa- 


red 


sional turning of the moss is required 
to expose all surfaces to the sun. The 
time honored practice is to depend on 
dew or light rains for the required mois- 
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ture, but two systems are now in opera- 
tion where the moss is kept thoroughly 
wet. In this manner a bleaching that 
normally takes several days is accom- 
plished in one afternoon. One system 
uses shallow tanks in which the moss is 
submerged, the other keeps the moss 
wet with lawn sprays. Because of the 
care and time consumed and the risk 
of having the moss spoiled by ‘‘bleed- 
ing’’, due to being caught in heavy 
rains, the price of bleached moss is 
double that of black moss, or 12 to 16 
cents per pound. 

If the salt content of the moss is de- 
creased to any considerable extent by 
bleaching, due to heavy rains or other 
sources of fresh water, the dissolving 
temperature of the moss hydrocolloid is 
lowered and. ‘‘bleeding’’ results. Since 
it is necessary to keep moss wet while 
bleaching, precautions must be taken to 
prevent loss of salt in this operation. 
The use of fresh water is preferable, 
however, for washing moss to be dried 
black, since the reduction in salt de- 
creases undesirable weight and facili- 
tates subsequent processing. 

As a rule, bleached moss is more free 
of extraneous materials than black moss, 
since foreign weeds and other matter 
present as contaminants do not bleach 
and are easily distinguished in sorting 
operations while the moss is spread out. 
Black moss ean be more easily picked 
over before it is dried. Floating the 
seaweed in water facilitates this opera- 
tion and also washes the moss. This 
latter practice has not yet become wide- 
spread. 

At the present time the above methods 
are sufficient to supply the industry, 
but experiments with gathering ma- 
chines are in progress, looking forward 
to the times when these methods will 
not suffice. Progress is also being made 
in devising procedures for eliminating 
unwanted impurities such as foreign 
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seaweeds and crustacea from commer- 
cial Irish moss. This progress will be 
hastened by quality standards which 
have been installed this year on a vol- 
untary basis by the Canadian Depart- 
ment of Fisheries. Experiments have 
indicated that the presence of foreign 
weeds is the greatest single deterrent to 
high quality in the final extractive. 

Finding sufficient growth of Chon- 
drus crispus is not yet a problem, but 
it is not too early to start a survey of 
our coastal resources to insure a con- 
tinuing supply of raw material for an 
expanding industry. 


Extraction 


Difficulties in obtaining the extrae- 
tive from Irish moss may heretofore 
have prevented wider utilization of this 
seaweed, although recovery of the hy- 
drocolloid involves fundamentally sim- 
ple unit processes. The moss is first 
washed in cold water, then extracted 
with hot water. The solution of water 
extractables is clarified by centrifuging 
and filtering, and may be further puri- 
fied by treatment with activated carbon. 
The solids are recovered by driving off 
the water in evaporators and on drum 
dryers. A more costly variation of sol- 
ids recovery involves precipitation of 
the hydrocolloid with aleohol prior to 
tray drying. Carrying out these unit 
processes is more easily said than done, 
since the very properties that make the 
extractive so valuable work against easy 
application of each process. The vis- 
cosity and suspending power of the ex- 
tract require working at high dilution. 
The particles to be removed are gelati- 
nous so that filtration is difficult, and 
their composition is 95% water, making 
centrifuging also inadequate. The loga- 
rithmie increase of viscosity with con- 
centration sets a high limit of approxi- 
mately 2.5% on concentration by evap- 
oration, leaving a relatively dilute solu- 
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Fig. 1 (Upper). A single branching frond of Irish moss. (Courtesy EF. L. Patch Co.). 


Fig. 2 (Lower). A clump of branching fronds of Irish moss attached to a rock. 
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tion to be dried on the drum dryers. <All propriate salts are added, it forms 
this processing must be accomplished on thermally reversible gels, dependent on 
a material susceptible to hydrolytic and the salt concentrations for their strength 
oxidative decomposition. The final prod- and setting temperature. It reacts with 
uct is a feather-weight buff-colored proteins to form suspending or gelling 
powder which absorbs water rapidly to systems, as in milk, or fining systems, 
form a viscous solution at low concen- as in beer. 

tration. Other properties of Irish moss ex- 
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Fig. 3 (Upper). Gathering Irish moss by means of long-handled rakes from submerged 
rocks near the shore at Scituate, Mass. 

Fig. 4 (Lower). Irish moss spread for drying and raked into piles on the shore at Scituate, 
Mass. 


Utilization tractive, such as its ability to form 
ov ; ‘ . ; films, its value as an antioxidant and its 
The viscosity of the final product is ; 4 amepcai eae 


. veneral value as a protective colloid, are 
pleasant to both the palate and the skin. ae ae ns ; 


[ts emollient properties make it useful 
in such products as hand lotions and 
cough syrups. It is an excellent emulsi- ™ately 0.04 per cent of extractive will 


now under investigation. 
To suspend cocoa in milk, approxi- 


fying and suspending agent, being used react with milk proteins at 160°F. to 
for medicinal, flavoring and industrial form a suspending system when cooled. 
emulsions and suspensions. When ap- This reaction also gives a desirable body 
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to the milk. Approximately 0.5 per 
cent in milk will form a very palatable 
gel when heated and cooled. This reac- 
tion is the basis of the old blane mange 
puddings and also of a modern line of 
flavored powders for making milk pud- 
dings. In fact, such utilization of the 
extractive is a major industrial outlet. 
When 15 to 20 pounds of a good grade 
of Irish moss is added to a 500-barre! 
kettle of beer wort, the extractive reacts 


Figs. 5 & 6 (Upper). 
Figs. 7 & 8 
Edward Island. 


(Lower). 


with the proteins in the hot wort, accele- 
rating their coagulation. The coagulated 
proteins settle out, carrying insoluble 


fines with them. On cooling the wort, 
more insoluble particles form, which, if 
allowed to remain in suspension, would 
tend to smother the yeast and produce 
hazy beer. Irish moss in the brew causes 
a second protein coagulation on cooling 
to 60° F., the so called ‘‘cold break’’, 
which carries along all suspended parti- 
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cles, leaving a clear wort on which the 
yeast may work. 

Many frozen foods, particularly those 
containing fats, are subject to oxidative 
changes resulting in a rancid, unpal- 
atable and unsightly product. Ascorbic 
acid has been found to be an effective 
agent to retard these changes. When 
ascorbic acid is dissolved in a solution 
of Irish moss extractive (0.3% aseorbic 
acid in 0.5% extractive), a solution is 


upon the shore at Prince Edward Island. 


Irish moss being sprayed and bleached at Prince 


produced which forms a_ continuous 
film of appreciable depth over foodstuffs 
dipped therein. Protection of the food- 
stuff is achieved through an actual 
physical barrier to oxygen, through 
emulsification of fats and oils, thus pre- 
venting their release to contact with air 
and to a reinforced antioxidant system 
due to a synergistic relationship —be- 
tween the ascorbic acid and a natural 
antioxidant in the extractive. 
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The baker uses Lrish inoss extractive in 
his piping jellies, in his pie fillings and in 
his icings and meringues. He may soon 
be using it as a conditioner in his breads 
and Piping jellies made with 
Irish extractive and 
clean tasting; pie fillings have a short, 
tender texture; remain creamy 


cakes. 


moss are smooth 


icing’s 


Sd 
. 
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Fig. 9. An Irish moss ‘‘exchange’’ 
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emulsion will have Irish moss extractive 
as a base. For a sore throat or chapped 
hands, the same soothine emollient that 
the fisher folk found useful in spring 
cures and hand washes will be effective. 

Among the many users of Irish moss 
extractive are those who know it from 
Yet even 


family recipes and remedies. 


a 


a 


“e®& 


at Scituate, Mass., where the moss, brought to the shore 


in dories from the gathering beds in shallow water, is sold to representatives of processing firms. 


(Courtesy Thomas Dwyer). 


to the 
short, 


and moist, yet do not adhere 
wrapper; and meringues are 
tender and stable. 

Your favorite toothpaste may contain 
Irish moss extractive to obtain its uni- 
form smooth body and stable foam. If 
vou are constipated, your mineral oil 


this short exposition will reveal uses new 
to the old timers. Many more useful 
properties are still. waiting to be ex- 
It is the attainment of this 
phase of application research that insures 
Irish moss its position as a raw material 
for an American industry. 


plored. 
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Utilization Abstracts 


Indigenous Food Plants of West 
Africa. Today food plants most commonly 
used by West Africans are of American or 
Asiatie (Manihot 
esculenta), groundnuts (peanuts) (Arachis 
hypogea), plantains (Musa 
maize (Zea Mays), bananas (Musa sapien- 
pa- 
potatoes 


origin, namely, Cassava 


paradisiaca ), 


tum), (Ananas comosus), 
payas 
(Ipomoea Batatas) and citrus fruits( Citrus 
spp.). In addition, there are two kinds of 
coco-yam. One of 
known as “tannia”, is of American origin; 
the other (Colocasia) is native to India and 


pineapples 


(Carica Papaya), sweet 


them (Xanthosoma), 


is known in Trinidad as “eddo”’ or “dasheen” ; 
in Polynesia as “taro”. Its common name of 
“koko” in West African 
originally derived from a 
imitation of its Portuguese 


vernacular was 


Creole (Sierra 
Leone ) name 


‘ecureas”’. 
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3efore these sources of food were intro- 
duced into West Africa, however, the Afri- 
cans subsisted, so far as vegetable food was 
concerned, on local plants, and these are 
still used, both wild and cultivated. 


them are the following: 


Among 


EDIBLE FRUITS AND SEEDS 


Balanites (Simarubaceae). 
Desert date. Kernels of the 
which oceurs in dry regions where inunda- 


aegyptiaca., 
desert date, 
tions oecasionally moisten the ground, are 
valuable as food and are sometimes used in 
kind of bread, or they may be 
They 
also provide an edible oil (over 40% of the 


making a 
eaten in soup by the Shawa Arabs. 


seed). 


Blighia Akee 
apple. The oily yellow aril of the fruit is 
fried 


sapida. (Sapindaceae ). 


eaten in oil or 
butter, or roasted and eaten as a sweetmeat. 
Named after the famous captain of H.M.S. 
The dangerous properties of the 


raw or Im soup, or 


sounty. 
hitter fibrous raphe attached to the aril have 
The tree 
is also grown elsewhere, particularly in the 
West Indies where its name “akee’’ closely 
resembles its Gold Coast name, 
pronounced “achee”’, from which it is prob- 
ably derived. Although the fruit 
commonly eaten in Jamaica, it was a long 
time before death resulting from 
vomiting sickness were traced to akee poison 


long been known in West Africa. 


vernacular 


has been 


eases of 
ing, due to eating the poisonous portion. 
The pulp of the fruit itself is edible. 

Parkii. (Sapotaceae ). 
The kernels of the fruits 
are rich in fat {broker’s standard 48°). 
This fat, called “shea butter” 
locally by women and is commonly seen in 
markets. It is used in African cookery and 
for other purposes. Generally only the ker- 
nels are exported; “shea oil” is extracted 
from them and made into vegetable butter 
However, locally pre- 


Butyrospermum 
Shea butter-tree. 


is prepared 


and other products. 
pared shea butter itself is sometimes carried 
to other countries. There are probably more 
than 17 million shea butter trees in French 
West Africa alone, and the fruits are prac- 
tically everywhere harvested from trees in 
a semi-wild condition. 

Carissa edulis. The paired purplish-black 
berries are sweet and edible. 
Ceratotheca 


This species, closely related to Sesamum, is 


sesamoides. (Pedaliaceae). 


found wild but is also cultivated. 


leaves 


often 
Both 
The seeds contain 37.3% of oil. 


and seeds are eaten in soups. 


Sev- 
fruits 


(Sapotaceae). 
the 
being the portion eaten in the same way as 


Chrysophyllum spp. 
eral species used, the pulp ot 


Camito, 
(Stereuli- 
These are probably the most 


the introduced star apple, C. 

Cola acuminata and C. nitida. 
aceae). Kola. 
important of several cultivated species of 
the genus in West Afriea, the fruits of which 
provide a flavoring for beverages in other 
lands as well as being used as a stimulant in 
Africa. Kola nuts have been used in Afriea 
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since remote times, and there was early trade 
in them from rain forest regions to the drier 
regions south of the Sahara. When Leo 
Africanus first them in 1556, he 
aroused a European desire to discover their 


described 
souree. Later, slaves carried the seeds to 
the New World, and in the 17th century 
certain Europeans, reaching the West Indies, 
suddenly discovered the kola tree growing 
there. Thus for a long time they believed 
that it was native to that region. These seeds 
and those of Aframomum are the two most 
important of the very few indigenous West 
African plants that so far have attracted 
sufficient attention outside Africa to 
resulted in their export. 

Cordia Mywa. 
plum, Sapistan. 


have 
(Boraginaceae). Assyrian 
Often specially planted at 
the edge of the forest by residents of villages 
or naturalized there. 
ous pulp and the kernels of the fruit are 
both edible. 

Diospyos 


The sticky mucilagin- 


(Ebenaceae ). 
The sweet pulp of the 


mespiliformis. 
West African ebony. 
fruit, either fresh or dried, is eaten or is 
fermented to make a_ drink. 
Mixed with dates, figs, etc., a kind of sweet- 
meat is also prepared from it. 

Klaeis  guineensis. (Palmaeeae). Oil 
palm. The oil-producing 
West Africa, yielding a red oil from the 
outer layer of the fruit. 
used in African cookery, as well as in world 


sometimes 


main palm in 


This is greatly 
commerece—for example, in margarine manu- 
while from the kernels another oil, 


known as “palm kernel oil”, is obtained. 
Kernel oil is used by West Africans as a 


facture 


pomade for the skin, as hair oil and as a 
cooking fat, while in world trade it also has 
various uses. 

Irvingia gabonensis. (Simarubaceae). 
African Dika nut. Cultivated in 
lower Dahomey, a variety with a thick edible 
pulp being sold in the markets in Porto 
Novo. 


to 67% 


mango, 


From the kernels, which contain 54% 

cf fatty matter, an almost solid, 
white or pale yellow fat known,as “dika 
butter” is extracted. This has been tried out 
experimentally in Europe in 
manufacture and as a substitute and adulter- 


margarine 
ant for cocoa butter. For local consumption 
the kernels are dried and_ split two 
cotyledons, ground, heated, smoked and made 


into 
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“dika 


“Gaboon chocolate’, to be eaten 


into eylindrical masses known as 
bread” or 
as a seasoner with meat, fish or other dishes. 
In Gaboon two other food preparations are 
made from the kernels. 

The fruits 


of various species are edible, those of L. 


Landolphia spp. Vine rubber. 


senegalensis being sold in markets. 
West 


The seeds are boiled 


Parkia filicoidea. (Leguminosae). 


African loeust bean. 
for 24 


boiled to form a paste which is then allowed 


hours, then pounded, cleaned and 


to ferment for two or three days. They are 
then made into sticky blackish balls, well 
known in West Africa 
Hausa traders barter them under the Hausa 


where the intinerant 
name “daudawa”. They keep well and are 
very rich in protein and contain also about 
17% of a semi-solid fat. Highly nutritious, 
they take the place, in some ways, of cheese 
in a European diet, or are used as a basis 
for soups and as a seasoner. In addition, 
the vellow powdery pulp in the pods is dried 
and sold as meal or made into cakes or blocks 
which likewise keep well. This is a valuable 
food which is put into soup or eaten with 
other foodstuffs. 
is composed of easily assimilated sugars. 
(Rubiaceae). 
Fruits are either 
eaten fresh or dried for future consumption 


Approximately half of if 
Sarcocephalus  esculentus. 


Guinea, or African, peach. 
; - 


and contain many small seeds. 

This 
widely distributed plant was probably origi- 
nally tropical African, for it was known in 
Kgypt about the 1300 B.C. 
It is now widely distributed in tropical and 


Sesamum indicum.  (Pedaliaeeae). 


ancient year 
sub-tropical regions as “gingelly”, “til” or 


“sesame” in the eastern tropies, and as 
“beniseed” in West Africa. The latter name 
originated in Bambara and Malinke (French 
West Africa). In West Africa it is grown 
in pure stands, being mainly cultivated for 


its seeds which are rich in oil. 


They are used 


in the form of porridge or as thickening in 
soup after pounding and washing, or are 
made into eakes fried with salt, pepper, ete. 
for use on journeys. The young leaves are 
also added to soups. Beniseed is exported 
from northern Nigeria, the oil (50% in seed) 
being used in margarine manufacture and as 


a salad oil (olive oil substitute) or in its 








438 


lower grades for soap-making. The residue 
is useful as a cattle cake. 

S. radiatum. This species is generally 
found growing wild, but is sometimes spe- 
cially eultivated. 

Strychnos spinosa. (Loganiaceae). Kaffir 
orange. The yellow brown pleasantly acid 
pulp is edible. 

Spondias Mombin. (Anacardiaceae). Hog 
plum. Fruits sometimes stewed. 

Synsepalum  (Sideroxylon) 
(Sapotaceae). Miraculous berries. 
or small tree which oceurs wild in West 
Africa but is often specially planted. The 
pulp around the seeds causes a persisting 
sensation of sweetness on the tongue, so that 
even the acidity of lime juice can not be 
recognized, nor the bitterness of quinine. 


dulcificum. 


A shrub 


These curious effects may last sometimes as 
long as one or two hours or even longer. 
Africans use the pulp with certain acid fruits 
and with palm wine, and to sweeten other 
foods and even to disguise the taste of stale 
food. 

Tamarindus indica. (Leguminosae). Tam- 
arind. Probably originally African. The 
pulp around the seeds is edible. 

Thaumatococcus Danielli. (Marantaceae). 
Miraculous berries. A tall forest herb from 
which the soft jelly-like arils of the fruit 
provide a lingering sweetness of taste similar 
to the fruit of Synsepalum. 

Vitex Cienkowski. (Verbenaceae). West 
African plum. A black fruit with consider- 
able nutritive value, said to counteract A and 
B avitaminosis, especially in children. 

Zizyphus Spina-Christt. (Rhamnaceae). 
Christ’s thorn. Specially planted for its 
shade and its edible fruits. Probably the 
‘lotus’ of the ancients. 


COOKED FRUITS AND THE LIKE 


Citrullus vulgaris. (Cueurbitaceae). Waz- 
termelon. The watermelon is of African ori- 
gin and has been traced back to the fourth 
Egyptian dynasty. Some varieties are bitter, 
but others are comparatively sweet and may 
be eaten either raw or cooked in soup. The 
seeds, known as “egusi”, are dried in the sun, 
the husks are removed and the kernels are 
then roasted and ground and put into soup 
or used as an ingredient in a sauce. They 
are of good food value (roughly 45% fat 
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and 34% protein), and the oil in them is 
suitable for cooking. Sometimes the kernels 
are fermented by the Yorubas of Nigeria to 
form a food or flavoring called “ogiri”. <An- 
other food is made from roasted and pounded 
seeds which are wrapped in a leaf and boiled. 
Sometimes they are fried in oil, with red 
pepper (Capsicum) added. Watermelons 
can grow on quite poor soils and with little 
rainfall. In tropical South African deserts, 
such as the Kalahari Desert, they provide a 
food and source of water for primitive tribes. 
They are also eaten by the antelopes in such 
regions. 

Cucumeropsis edulis and C. Mannii. 
curbitaceae). Cultivated chiefly for 
white oily seeds which are parched and eaten 
or, like those of the watermelon, pounded 


(Cu 
their 


and added to food. 
(Cueurbitaceae). Melon. 
The common melon, though of uncertain ori- 


Cucumis Melo. 


gin, is probably spontaneous from West Af- 
rica to India without interruption. Several 
varieties are cultivated, some of which are 
cooked and eaten before ripening, whereas 
of others only the seeds are eaten. 
(Malvaceae). 
Cottonseed oil is used in cookery. 


Cotton. 
The Han- 


Gossypium sp. 


sas make fermented cakes from the seeds 
which are edible. 
Hibiscus esculentus. (Malvaceae). Okro, 


Okra is believed by De Candolle to 
Mareegraf, 


Okra. 
be of undoubted African origin. 
who saw it in Brazil, quotes its Congo and 
Angola name, “quillobo”, which was cor- 
rupted by the Portuguese to “‘quingombo” 
hence the name “gumbo” given to the plant 
in the United States. The plant was culti- 
vated by the Egyptians long before the dis- 
covery of America, and Schweinfurth saw it 
growing wild in the Anglo-Egyptian Sudan 
and in Abyssinia. It is now widely grown 
in the tropics. Several varieties oceur in 
West Africa where the fresh, dried and 
sliced or powdered fruits, and even the dried 
flowers, are used as a soup vegetable, and the 
leaves as.a pot-herb. 

H. Sabdariffa. Roselle, Sorrel. 
Leone as “sour-sour” because of its 


Known in 
Sierra 
acid flavor, this is a native of either tropical 
Africa or America, but probably the former. 
Today it is grown throughout the tropics. 
After the flower has faded, the fleshy red, 
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yellow or green calyx and epicalyx, which 
contain malie acid, are used in soup, either 
in a fresh or a dried state, or are used as a 
sauce or relish. Europeans have used the 
calyx for making jelly, chutney, jam, syrup 
and wine. The edible, being 
pounded into a meal and used either as an 
into sauce. 


seeds are 


oily soup or roasted and made 
They are sometimes parched, pounded, and 
the oil extracted, the residue being put into 
into cakes with and 


The seeds are further made 


soup or made beans 
other foodstuffs. 
into fermented cakes, much the same as the 
widely used daudawa (Parkia filicoidea), 
deseribed above, in those regions where the 
The leaves of the sor- 
rel are also edible. [{H. Sabdariffa is the 
source of the commercial fiber roselle which 


KCO- 


locust-bean is searee. 


has been extensively discussed in 
NOMIC BOTANY 3: 89-103, 1949. |] 
(Labiatae). 
(Sesamum), its 


Hyptis specigera. Sometimes 
cultivated like 
blackish seeds rich in oil being used as food 


in the same way. 


beniseed 


Lagenaria vulgaris. (Cueurbitaceae). 
3ottle gourd. The bottle gourd is almost 
certainly of African origin. Although it is 
generally cultivated only for its bottle-shaped 
gourds and c¢alabashes, the fruits being gen- 
erally too bitter to eat except when very 
young, certain improved varieties, especially 
the tubercled form, may be as good as the 
pumpkin. The young shoots and leaves are 
also used as a vegetable, and from the seeds 
of some forms an oil is obtained which is 
used in African cookery. 

Pachylobus edulis. (Burseraeae). Bush 
butter tree. Specially grown from seeds and 
cuttings for the sake of its fruits, the outer 
portion of which is eaten, either roasted or 
boiled. It ean be used as a dessert fruit or 
‘aten with eurries. 

Polygala butyracea. (Polygalaceae). 
Probably a relic of ancient native culture. 
It is grown on a small seale in the Benue 
region in Nigeria and also on the boundary 
of Nigeria and Cameroon, Dahomey, Togo 
and Sierra Leone (Adamawa), and also in 
a few localities in French and Portuguese 
Guinea. The solid fat obtained from the 
seeds is used by some tribes in cooking, but 
in parts of French Guinea and in Adamawa 
the seeds are parched, ground up, and added 
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to soup. The method of preparation resem- 
bles that used for making ground-nut paste 
(peanut butter), except that it is more dry 
and powdery. It hasa pleasant nutty flavour 
and is made up into balls with meat and 
other foods and cooked with palm oil and 
spices. The plants can be grown on poor 
soils and may be a useful addition to local 
food supplies. It is also grown locally for 
its fibre. 
Sesbania pachycarpa. (Leguminosae ). 
Sometimes grown around villages in upper 
French Guinea for the sake of the seeds, 
from which a fermented extract is prepared 
substitute for those of Parkia. The 
seeds of S. punctata can be used in the same 


as a 


way. 

Solanum anomalum. (Solanaceae). 
Fruits dried for future use as a condiment. 
The bitter fruits of S. aethiopicum, S. duplo- 
sinuatum and S. nodiflorum are eooked and 
eaten. 

S. incanum. Garden egg, Brinjal. Fruit 
edible only after cooking. Though a native 
of southeast Asia, it has probably been 
grown in West Africa for centuries, for it 
has numerous vernacular names there. 
Cultivated near houses, 
especially in forest country, for its leaves 
and fruits, the latter being edible after cook- 
ing. 

Telfairia occidentalis. (Cueurbitaceae). 
Fluted pumpkin. A native of West Tropical 
Africa where, in the opinion of Dalziel, it 
probably owes some of its extension, such as 
at the edge of forests, to its persistence after 
previous cultivation. The fruits, which are 
often very large and covered with a waxy 
bloom, contain a number of large seeds. The 
cotyledons, which have a pleasant almond- 
like flavour, are the edible portion, being put 
into soup or cooked and eaten like beans. 
The seeds contain an oil used in Afriean 
cookery, and the young shoots and leaves are 
used as a potherb. A related species, 7. 
pedato, has similar properties, and its seeds 
are roasted and eaten in Gaboon, the seedcoats 
being removed and the kernels pounded into 
a paste, mixed with fish, and then cooked in 
a banana leaf. The seeds contain an oil. 
This plant is apparently better known in 
East Africa and the Mascarene Islands than 
in its original West African home. [ Aecord- 


S. macrocarpon. 
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ing to C. H. W., editor of the Journal quoted, 
seeds of Telfairia pedata were imported at 
the time of the World’s Fair in New York, 
1939-1940, and sold in one or more markets |. 


EDIBLE LEGUMES 


Kerstingiella geocarpa. ‘Geocarpa’ 
Groundnut. One of the two groundnuts na- 
tive to West Africa (see also Voandzeia), 
both of which are cultivated as field crops 
there, though they are not well known out- 
side of the region. Like the peanut (Ara- 
chis), they bury their pods beneath the soil 
as they ripen. The seeds are of high food 
value, although their yield is poor and they 
are liable to weevil attack. HKerstingiella has 
a restricted range in West Afriea. 

Parkia filicoidea. West African locust 
bean. Diseussed above. 

Vigna unguiculata. Cowpea. This is al- 
most certainly of West Afriean origin. 
There are numerous cultivated West African 
varieties, but it also occurs in a semi-culti- 
vated and a wild state. 

Voandzeia subterranea. Bambara ground- 
nut. The other groundnut native to West 
Africa (see Kerstingiella). It has been 
found in a wild state in northern Nigeria and 
Cameroons, but it may not have originated 
in that exact area. There are several vari- 
eties. Its oil and albuminoid content is com- 
paratively low, although it is a good all- 
round human food. 


FOLIAGE CROPS 


Amaranthus caudutus. (Amaranthaceae). 
A semi-cultivated plant with edible leaves. 
According to Dalziel, it was introduced from 
Asia, but Burkill says it has been used in 
many parts of Africa as a spinach plant, as 
well as being widely cultivated in both Af- 
rica and the Himalayas. According to Dal- 
ziel, it is cultivated in West Africa as a grain 
crop because of its edible seeds, as in India 
and elsewhere, e.g., as ‘Inea wheat’ in Peru. 
Its country of origin is uncertain, but it ap- 
pears to have wider cultivation in Africa 
than in Asia where A. paniculatus has a 
greater extension. 

Brassica juncea. (Cruciferae). Indian 
mustard. Though widely distributed in the 
tropics, it is believed by Burkill to be of 
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possible African origin. In the East it is 
cultivated as a condiment and for the oil of 
its seeds, while the young leaves are used as 
a vegetable, much like mustard greens in 
other countries. In West Africa its cultiva- 
tion for use as a potherb and as a peppery 
tasting condiment is reported from the Up- 
per Niger and from Sierra Leone. 

Gynura cernua, (Compositae ). Some- 
times grown as a mucilaginous potherb or 
used for soups or sauces. 

Hibiscus cannabinus. (Malvaceae). 
Leaves are eaten in soup or as_ potherb. 
[This species is the source of the commercial 
fiber kenat which has been extensively dis- 
eussed in ECONOMIC BOTANY 1: 334 
352. 1948]. 

Hibiscus Abelmoschus. (Malvaceae). 
Musk-mallow. Leaves and young shoots are 
sometimes eaten in soup. The leaves of okra 
(H. esculentus) and sorrel (H. Sabdariffa) 
are also eaten. 

Lactueca taraxacifolia. (Compositae). 
Sometimes cultivated and the leaves eaten 
fresh or cooked. They are sometimes sold in 
markets as balls of cooked or soaked leaves 
prepared for use in soups or sauces. 

Ocimum viride. © (Labiatae). Tea-bush. 
The leaves of this and of O. americanum are 
used in salads in Calabar and the latter in 
soup in northern Nigeria. 

Senecio Biafrae. (Compositae). The 
leaves of a cultivated form, probably in sevy- 
eral varieties, are said to have been used as 
a vegetable. 

CEREALS 

Among the most important indigenous 
food plants of West Africa are the cereals, 
particularly Guinea corn (Sorghum spp.) 
and bulrush millet (Pennisetum spp.). 

Digitaria exilis. Hungry rice. Sometimes 
cultivated in northern parts of Nigeria, Togo 
and Sierra Leone, and in Portuguese Guinea 
and Gambia. The very small grains are used 
as porridge, or they are parched and ground 
and mixed with meal of other cereals. 

D. Iburua. A small white grain sometimes 
cultivated around Zaria in northern Nigeria 
and at Zinder. 

ERleusine corocana. Finger Millet. Cul- 
tivated in northern Nigeria as food and for 
malt. 

Hordeum vulgare var. hexastichon. The 
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only cultivated West African variety of bar- 
ley. 

Oryza glaberrima. One of two local spe- 
cies of rice that are grown, being cultivated 
inland and from French Sudan to northern 
Nigeria. 

Oryza Stapfi. Another local species of 
rice, being cultivated in Gambia where it is 
regarded as the original rice, since it is har- 
dier than any other form. 
spp. Bulrush millet. Eight 
local species in cultivation, being generally 
western Sudan and northern Ni- 
These species are P. anchylochaete, 


Penisetum 


grown in 
geria. 
P. cineereum, P. gambiense, P. gibbosum, P. 
leonis, P. maiwa, P. nigritarum and P. py- 
enostachyon. 
Sorghum spp. Guinea corn. Twelve spe- 
cies are grown in the dry northern areas: 
S. aterrimum (KE. Sudan), S. 
colorans (as a dye), S. cernuum var. officula- 
tum (Gambia and Fr. Sudan), 8. 
niloticum (in alluvial soils), S. exsertum var. 


caudatum var. 
durra var. 


amplum (N. Nigeria) (also sometimes used 
to dip leather), S. gambicum (Gambia and 
Fr. Sudan), S. guineénse 
(Togo to N. Nigeria), S. 
(best known in western area), S. 
ceum var. Baldratianum (soft sweet variety) 
(N. Nigeria), S. notabile var. notabile (N. 
Nigeria). There are two 
which molasses or sweetmeats can be 


var. involutum 
margaritiferum 


membrana- 


sweet sorghums 
from 
prepared or the stems chewed. 

Triticum spp. Two species of wheat are 
West Africa, an soft 


vulgare var. leucospermum, being 


native to awnless, 
wheat, 7. 
grown in parts of northern Nigeria as a wet 
season crop or under irrigation in the dry sea- 
son, mainly by the well-to-do, while a maea- 
roni wheat, 7. durum var. leucurum, is com- 
monly cultivated in northern Nigeria. Chev- 
alier states that the soft wheat predominates. 
Both are either into 
wheaten cakes, boiled in oil and seasoned, or 
into buns, or finely ground with butter, or 


used as food, made 


even made into a form of macaroni ealled 


“taliva” by the Hausas. 


ROOT CROPS 


(Labiatae). 
roots, and its stems become woody and may 
be two or more feet in height. Although it 
oecurs wild as well as cultivated in both West 


Coleus dazo. Has tuberous 
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and Central Africa to as far south as Natal, 
its exact original home is unknown. It is 
grown chiefly in the Zaria province of north- 
ern Nigeria, but also on the upper Ivory 
Coast and on a large seale in upper Ubangi- 
Shari (under the name of “dazo”) and in 
the lower Congo. The softly hairy and ey- 
lindrical tubers are generally up to four 


inches long and #? inch in diameter, in com- 
position similar to the ordinary 
They are more difficult to propagate than the 
Hausa potato (C. dysentericus), and are gen- 


potato. 


erally grown from tubers which require up 
to six months to mature after planting, al- 
though in equatorial regions tubers can be 
obtained almost throughout the year. Under 
proper cultivation it is probably possible to 
get larger vields from this species than from 
any other Labiatae. It is believed that the 
so-called Kaffir potato (Plectranthus esculen- 
tus) also belongs to this species. 

The Hausa or Sudan po- 
tato, sometimes known as the “Madagasear 
potato” (of French widely 
grown in drier parts of tropical Africa and 
elsewhere, and is believed by Heckel to be of 
Abyssinian origin. It is cultivated for its 
edible tubers in western Sudan, Ubangi-Shari 
and the Congo Basin, and is grown prefer- 
ably on broad ridges by the 
Hausas_ of Nigeria. 
small tubers are produced; some varieties 


C. dysentericus. 


colonists), is 


mounds or 
northern Numerous 
have reddish-grey or reddish-yellow, others 
blackish-brown, and others greyish-white tu- 
bers. It is propagated by soft-wood euttings 
and by tubers which take five to six months 
to mature. According to Barter, they are 
used in eases of dysentery by the Yorubas 
for dietetic rather than 
In hot climates they are regarded as a most 
suitable substitute for potatoes. The plant 
is sometimes grown under irrigation in the 


medicinal reasons. 


dry season, in the same way as onions, wheat 
and other crops. 

Dioscorea alata. (Dioseoreaceae). The Wa- 
ter Yam, now widely grown in West Afriea, 
where it has many varieties, was, in Burkill’s 
opinion, originally Asiatic. Beeause it ear- 
ried well, with little sprouting, it was taken 
to East Africa and Madagasear and thus was 
spread, probably by the Portuguese, to other 
parts of the African coastline and eventually 
to the new World in slave ships. 
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D. bulbifera. Bulbil-bearing yam or Po- 
tato Yam. The most widely distributed of 
all species of Dioscorea, introduced into 
America during the slave trade. The liver 
shaped and flattened bulbils are cooked, 
whereas the best forms can even be eaten 
raw. The cultivation of this plant in order 
to develop larger bulbils has resulted in a 
comparatively small and generally inedible 
terrestrial tuber being formed. Burkill be- 
lieves that Africans are still engaged in the 
process of ‘enobling’ (eultivating) this spe- 
cies. Its wild forms are generally smaller 
and more toxic, de Wildeman reporting in 
1938 that in one ease the eating of the bulbils 
resulted in the death of 32 soldiers. Toxic 
forms like this and other poisonous species, 
such as the three-leaved yam (D. dumeto- 
rum), are sometimes specially planted along 
the edges of farms to discourage thieves. 
Yellow Guinea yam. A 
crop plant entirely developed by the African 
himself. Almost certainly it was originally 
grown in Guinea (hence its English name), 
and its cultivation is most dense there today. 
It is sometimes called the “twelve months 
yam”, and its long period of growth restricts 
it to the moister regions. The main tuber is 
sometimes cut away, after which the top will 
produce one or more smaller tubers, giving 
this race (an inferior one) the West Indian 
name of “cut-and-come-again”. This yam 
and D. rotundata were taken to America in 
the days of the slave trade. Both produce 
tubers close under the surface of the ground. 

D. praehensilis. Bush or Forest yam. 
The tubers are occasionally eaten or used as 
a famine food. It is best known as the par- 
ent of the cultivated white yam, D. rotun- 
data. 


D. cayenensis. 


D. dumetorum. Although wild forms are 
known to be poisonous and are even used 
medicinally or as an arrow poison, cultivated 
varieties have often been sufficiently im- 
proved to be edible. They have lobed or 
star-shaped tubers, varying from white to 
yellow. They are easy to grow, yield heavily 
and are also easy to harvest. The poison is 
removed by peeling, slicing, pulping and 
soaking, preferably in running water, other- 
A coarse starchy meal is 
sometimes obtained. The tuber of the culti- 
vated form is mucilaginous and after soaking 


wise in salt water. 
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and cooking is generally eaten sliced. This 
species sometimes produees aerial bulbils. 

D. Preussti.. While used mainly as a fam- 
ine food, the wild tubers are still eaten in 
some districts, especially by hunters, but only 
after being thoroughly soaked and the liquid 
discarded to remove the poison contained in 
it. When cultivated, this species is used for 
other purposes. 

D. rotundata. White Guinea vam. Also 
native to Africa with many local varieties. 
The tubers are white and have better keeping 
qualities than does the yellow yam (D. cay- 
enensis ). 

D. spp. 
ible species of yam in West Africa, although 
certain ones, such as D. sansibarensis, D. 


There are a number of other ed- 


Quartiniana, D. minutiflora, D. smilacifolia, 
D. praehensilis and certain wild form of D. 
dumetorum and D. bulbifera, deserve to be 
classed merely as famine foods. Most of 
them tend to be poisonous unless thoroughly 
soaked and the liquid discarded. 

Sphenostylis stenocarpa. This is the wild 
vam-bean of West Africa, but it is possible 
that its country of origin is Abyssinia. 
Though oceasionally found wild, the plant is 
generally cultivated along with yams and 
It is also grown in French Equa- 
torial Africa, the Congo Basin and in East 
Africa. The tuber, in appearance like a 
small sweet potato, two to three inches long, 
is starchy and is said to taste like an ordi- 
nary potato. The seeds of this bean can 
also be eaten after preliminary soaking. It 
is suitable for cultivation elsewhere, being a 
plant of distinct ornamental value, and ean 
be propagated by tuber or by seed. 


beans. 


SPICES, etc. 


Aframomum melegueta. The so-called 
grains of paradise or melegueta pepper, bet- 
ter known nowadays as “Guinea grains”, 
were formerly exported mainly from what is 
now the Liberian coast. The small grain-like 
spicy seeds aceount for the old name, the 
Grain Coast, now Liberia, given to that part 
of the coast of Guinea on old maps. For- 
merly important in European trade as a 
spice or medicine, today they are used outside 
Africa mainly in veterinary medicine, do- 
mestie (non-official) remedies and certain al- 
eoholie drinks. Africans themselves use them 
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extensively in medicine and as a spice in 
their food. These seeds and the fruits of 
Cola are the two most important of the very 
few indigenous West African plants that so 
far have attracted sufficient attention outside 
West Africa to have resulted in their expor- 
tation. 
Ammodaucus ( Umbellife- 
rae). Grown in the upper Niger valley, 
Mauritania and in Sahara oases for the use 


leucotrichus. 


of its seeds as a condiment in sauces. 

Aeolanthus heliotropoides and A. pubes- 
cens. (Labiatae). Cultivated for use as a 
flavoring in soups. 

Borassus flabellifer. (Palmaceae). Fan 
palm. The fresh sap is used as yeast or fer- 
mented into vinegar. 

Carissa edulis. (Apocynaceae). Fruits 
fermented into vinegar. 

(Vitaceae). An acid drink 
or vinegar is obtained from the black suceu- 
lent fruits in Sierra Leone. 

Irvingia gabonensis. (Simarubaceae). The 
kernels are used as a seasoning with various 
local dishes. 


Cissus caesia. 


(Labiatae). Oc- 
curs wild in Africa and Asia, and is not 
American at all, except by introduction. Its 


Ocimum americanum. 


leaves which are strongly fragrant are used 
as a stuffing for fowl, or may be boiled with 
meat or in soup. 

(Solanaceae). 
Sometimes cultivated and its red berries used 
in soups and sauces as a condiment with 
laxative and digestive properties, being said 
to restore the appetite of sick persons. They 
are often dried and preserved and are some- 
times mixed with daudawa (Parkia). 

S. nodiflorum. May occur wild, or is some- 
times cultivated, its small black berries being 
quite bitter when wild and used as a digestive 
tonie and appetizer for sick persons. When 
cultivated the fruits are sometimes very 
sweet and can be eaten either raw or cooked, 
alone or mixed with other food. 


Solanum anomalum. 


BEVERAGES 


From the ground-up seeds of the African 
breadfruit (Treculia africana), a kind of 
“almond milk” is prepared, while from the 
fruits of the semi-eultivated hog-plum 
(Spondias Mombin), a refreshing drink can 
be made. The powdery edible pulp from the 


0 


fruits of two or three leguminous trees, such 
as the velvet tamarind (Dialium guineense ) 
and the West African locust bean (Parkia 
biglobosa) is macerated in water to make 
other unfermented beverages. When this 
Parkia is used, honey is sometimes added to 
make it a soothing drink for children. If 
another species of West African locust-bean 
(Parkia filicoidea) is used, the drink pre- 
pared is sometimes mixed with tamarind wa- 
ter (from Tamarindus). The seeds them- 
selves of P. filicoidea provide another kind of 
unfermented drink when ground to a fine 
meal and mixed with water to make a thin 
gruel. An attractive beverage is prepared 
from the macerated fruits of the jujube tree 
(Zizyphus jujuba), and a pleasant drink 
known as “kango” in Hausa is prepared 
from the pulp of the desert date (Balanites 
aegyptiaca). From the pulp of the Akee 
apple (Blighia sapida) and from Vitex cien- 
kowski fruits a drink is sometimes prepared, 
sweetened with sugar cane and flavored with 
ginger and Guinea grains. <A _ beverage is 
also prepared from the fleshy calyx of roselle 
(Hibiscus Sabdariffa ). 

The species of Coffea present a curious 
situation, for about ten kinds of commer- 
cially ground useful coffees are native to 
tropical Africa, some still occurring in the 
wild state. Of these, five species are native 
to West Africa—namely, Lagos or Abeokuta 
coffee (Coffea Abeokutae), Liberian coffee 
(C. liberica), Robusta or Rio Nunez coffee 
(C. robusta), Sierra Leone, Upland, or 
Stenophylla coffee (C. stenophylla) and C. 
Maclaudii. Stenophylla was, according to 
Dalziel, cultivated in a small way long ago 
in both French Guinea and Sierra Leone, and 
was probably grown in French Guinea in 
early days by the Portuguese. According to 
Afzelius, Liberian coffee was being cultivated 
in Sierra Leone in 1792 and has been grown 
along the West African coastline during the 
last century. Several other species of Coffea 
of more or less economic interest grow in 
West Africa. There seems little evidence, 
however, of the use of coffee as a beverage 
by West Africans in pre-Portuguese days. 
The chief coffee plant of the world, and the 
source of “Brazilian” eoffee—that is, Arabian 
coffee (C. arabica )—is a native of the Abys- 
sinian mountains. According to De Can- 
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dolle, the use of coffee was very ancient in 
Abyssinia, and the berries were probably col- 
lected from wild plants for centuries before 
the plant was cultivated. Its use spread later 
to Egypt, Persia and Arabia, and so to other 
parts of the world. 

Palms are the source of most of the fer- 
mented beverages, chiefly the oil palm ( Elaeis 
guineensis ), the Raphia palms, the fan palm 
(Borassus flabellifer) and even the small 

The 


trees are tapped as they stand, but on the 


wild date palm (Phoenix reclinata). 


Gold Coast in particular the oil palm is first 
eut down, then an incision made in the trunk 
and the wine is collected daily. It resembles 
ginger beer at first, but becomes increasingly 
In parts of West Africa 


commercial 


intoxicating later. 
palm wine is used instead of 
yeast in bread-making. 

The fruits of several dicotyledonous trees 
are also used in the preparation of fermented 
beverages, examples being the black plum 
( Vitea 
African 


Cienkowskii), V. grandifolia, West 


ebony (Diospyros mespiliformis ), 
Lannea acida, desert date (Balanites aegyp- 
tiaca) and two vine rubbers (woody climb- 
ers) (Landolphia Heudelotii and L. 


The seeds of cultivated indigenous 


owari- 
ensis ). 
cereals, such as Guinea corn (Sorghum) and 
bulrush millet (Pennisetum) are frequently 
made into fermented drinks. 
SWEETMEATS 
In Africa sweetmeats are probably much 
less common than in other regions—India for 
example. West African peoples, however, 
do make sweets from extracts of fruit pulps 
of certain trees, such as the ‘tallow tree’ (De- 
West African ebony 
mespiliformis), Cordia 


tarium senegalense ), 


( Diospyros abyssi- 
nica, Vitex grandifolia and black plum. V. 
being added in some 


Cienkowskti, honey 


eases. Although sugar- cane (Saccharum of- 
ficinarum ) is grown, it is not native, and the 
‘anes are generally only chewed. Molasses 
is made, however, from the stems of two spe- 
cies of sweet sorghum (S. mellitum var. mel- 
and S. 
The molasses is also used in making sweet- 
meats called “alewa” in Hausa, a word of 
Asiatic origin. The Hausas make at least 
three different kinds of sweetmeats. One of 


litum nigricans var. peruvianum ). 


ECONOMIC 


BOTANY 


them is commonly prepared from tubers of 
the tiger-nut (Cyperus esculentus ), elsewhere 
known as “earth-almond” or “rush-nut”. In 
certain parts of West Africa the pap made 
from cereals is sweetened with the fruits of 
Cordia abyssinica. 

(F. R. Irvine, Jour. N. Y. 


49: 295-236, 254-267. 1948. 


Bot. 
Except for 


Garden 


the alphabetical arrangement of species and 


minor other changes, the foregoing aceount 
is a reprinting of the text in the cited ar- 
ticle. ) 

Tropical Woods. “The School of For- 
estry at Yale University has been actively 
engaged in research in the field of tropical 
woods for more than twenty-five vears, dur- 
ing which time it has built up a collection 
that now contains over 45,000 specimens of 
wood, mostly tropical in origin. At various 
times in the past certain woods or groups 
of woods have been subjected to mechanical 
tests. In April 1947 the 
scope of these activities was expanded to 


and physical 
meet the growing need for technical data re- 
lating to the properties of tropical woods. 
Under the sponsorship of the Navy Depart- 
ment through the Office of Naval Research, 
studies were initiated to determine the basic 
properties of a selected group of tropical 
American timbers and to evaluate’ each 
species with regard to its potentialities for 
specifie types of use”. 

“The first shipment of logs received under 
this project arrived in New Haven in April 
1947. 
senting 95 different species have been re- 
To date, tests to determine the basic 


Since that time nearly 250 logs repre- 


ceived. 
physical and mechanical properties of these 
woods have been conducted on material rep- 
resenting 43 species. Mechanical test data 
collected thus far are largely limited to the 
For 20 
of these species sufficiently representative 
obtained to warrant 


properties of the unseasoned wood. 


data have now been 
publication”. 

Thus reads part of the introduction to this 
very informative report which contains not 
only technological data concerning the 25 
woods, but also considerable information re- 
specting their common and scientific names, 
their natural distribution and their uses. (F. 
D. Dickinson, R. W. Hess, F. R. Wangaard, 


Tropical Woods, No. 95. 145 pp. 1949). 





